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PREFACE TO THE 

PROCEEDINGS OF THE 27th ONTARIO 

INDUSTRIAL WASTE CONFERENCE 



On behalf of the Conference Planning Committee and the Technical Pro- 
gram Committee, I extend our appreciation to all those who contributed to 
the outstanding success of the 27th Ontario Industrial Waste Conference. 
For the first time in the history of the Conference, registration passed the 
600 mark — actually there were 609 participants. This total was comprised 
of 525 delegates and program personalities, 60 spouses, and 24 committee 
members, staff and media representatives. A most creditable response and 
a conclusive indication that the Industrial Waste Conference is meeting an 
environmental need that is continuing to attract representatives from indus- 
try, consulting firms, educational institutions, plus a broad mix from allied 
interests in industrial abatement, pollution control and waste management. 

A particular thanks to the session chairmen, program participants and all 
those who were instrumental in melding the agenda in such a way that the 
delegates were rewarded with new ideas, abatement techniques and a 
great deal of 'food for thought'. The papers were well-prepared and pre- 
sented, and through the adeptness of each of the session chairmen, the 
program flowfed without a hitch. And, of course, as the Conference Chair- 
man, I cannot neglect expressing a special thanks to the Technical Program 
Committee members, and the Planning Committee, for their special dedi- 
cation in seeing that everything meshed to make the 27th so successful 
a conference. 

On behalf of the Ontario Ministry of the Environment, thank you for partici- 
pating. The following Proceedings will give you a permanent record of what 
transpired. The 1981 Industrial Waste Conference will again be held at the 
Prince Hotel in Toronto. The dates for our 28th Conference are June 14-17, 
1981. Naturally, you and your associates are invited to attend. 



^ J. Walter Giles, 
Conference Chairman 
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ONTARIO'S PROGRESS IN MANAGING HAZARDOUS WASTES 

^7 

E.W. Turner, Manager, Industrial Section, 

Waste Management Branch, Environment 
Ontario, Toronto 

A report and progress on the implementation of the Minister's Seven- 
Point Program for the management of liquid industrial wastes and haz- 
ardous wastes. Highlights include: 

- Interim storage of PCB's (Dillon Study); 

- Research on PCB destruction; 

- The St. Lawrence Cement Project (PCB incineration); 

- Solidification proposals on interim treatment of wastes; 

- The Ajax proposal for a waste treatment facility (Region of Durham); 

- Research into waste treatment. 

Proposed regulations and guidelines for improved management of 
wastes will also be reviewed, including: 

- Movement of equipment containing PCBs; 

- Registration of wastes by generators; 

- Prohibition of landfilling; 

- Transboundary movement of wastes; and 

- Perpetual care. 



Note : Mr. Turner spoke from notes and personal experience. He did 
not have a formal text prepared which could be included in 
these Proceedings. 

Following are the texts from the overhead transparencies 
which the speaker used to illustrate his subject. 
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DEFINITION 
"HAULED LIQUID INDUSTRIAL l'.'ASTES'^ 

Those wastes generated by manufacturing or processing 
operations which are hauled away from the place where 
they are generated to another location, either ofp-site 

OR ON-SITE, FOR TREATMENT AND/OR DISPOSAL. 



Hauled liquid industrial wastes include industrial waste 

sludges, semi-solids and solid wastes. 



ONTARIO'S SEVEN POINT PROGRAM TOR LIQUID INDUSTRIAL 
WASTE DISPOSAL 



1. FACILITIES 

- Work with private sector 

- Long-term waste management plan 
•- AcouisiTiON or sites 

2. INTERIM MEASURES 

" Guidelines 

- Trlatm:-:nt and Disposal 

- Landfill Prohibition 

- Monitoring and Control 

- Waste Storage 

- PCB 

- Other Wastes 

3. WAY-BILL MONITORING 

- EDP System 

^. WASTE CLASSIFICATION 

5/ REGULATIONS 

~ Landfill Prohibition 
~ Treatment and Disposal 

- Registration of Wastes 
6. PERPETUAL CARE 

- Study 

- REGULAT10^iS 

IRANSBOUNDARY MOVEMENT OF WASTES 



7 
/ ■ 



- 4 - 



WILTHES^FOR LIQUID INDUSTRIAL WASTE TREATMENT AND DISPOSAL 

A) GOVERNMENT 

r^AcLAREN STUDY 

Long-term waste management flan 

Five years to develop and implet-ientC?) 

b) PRIVATE SECTOR 

Region of Durham Proposal to Convert The Ajax 
STP INTO Physical/Chemical Treatment Facility 
Environmental hearing under The 
Environmental Protection Act commenced 
December 11 , 1979, Due to be completed 
June 20, 1980. 



c) PCBs 



1. iIacLaren Study to incorporate need for 
PCB destruction facilities 

2. St. UwRt-NCF Cement kiln 

- ^;est Burn 

- TiTY 01- f^I.^.'^ISSAUGA By-LAVV 



INTERIM MEASURES 

1. LIQUID INDUSTRIAL WASIES 

a) Improved monitoring and controls ofj 22 
landfill sites currlntly acclptinc liquids 

b) Limited-term (fivl years) solidification 
proposals 

- Browning-Ferris Industries Limited 
AT RiDGE Landfill site in Township 
OF Harwich 

- Walker Brothers Quarries Limited at 

QUARRY site IN St, CaTHARINES AREA 

- Proposals subject to The Environmental 
Assessment Act 

- Ministry of the Environment co-proponent 

- Documents filed with Minister on May 9. 19S0. 

- Hearing in late Fall? 
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INTERiri MEASURES 
2. PCBs 

a) M, M, Dillon Study on Interim Storage of PCBs 

- Review of Crown Lands (and others) in 
Province 

- Three preferred sites 

Ontario Hydro Transformer Station in 

Mi DOLE PORT 

Cayuga Properties 
Ridge Landfill (BFI) 

- Ministry elected to proceed with MIDDLEPORT 



- Government owned land; 

- Close to centroid of waste PCB 
generation; 

- Reasomarle road access; 

- Not close to urban apt a 

- Subject jo Environmental Ass[:Ssmemt Act 

- Consul! A f,'T it^esently preparing assessment 
documents (6 months) 

b) Regulation on Movement of PCBs 

(To be dealt with later) 
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RESEARCH - LIQUID INDUSTRIAL AND HAZARDOUS WASTES 
Ministry willing to fund research into 

PROMISING FECliNOLOGiFS, 

1. PCBs 

a) Resource Rr.covERY Corporation; 

PlasiMA Arc process; RMC/ P^ngstom; 
ONE year; $^00,000 

b) SJT Consultants Limited - "CANPOB Destroyers": 

Rocket engine; high temperature plasma 

USING H9 AND O2; one YEAR; $^00,000 

c) University of Waterloo: 

Chemical destruction of PCBs using Sodium 
Naphthalenide; complete FalL/ 1980, 
$18,000 

Also following up on: 

a) Lockheed, California, U,S,A. 
i1icrov;ave plasma process 

h) Chemical Waste Mana'^ement (D K D) 
Diesel engine process 

- test run at ORE", Hississakga, at 
end of June 

- Full-scale prototype unit to be 
built and operated in Maryland, U.S.A. 
WITH funds from U.S. EPA and the 
State of Maryland 
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RESEARCH - LIQUID INDUSTRIAL AND HAZARDOUS WASTES (cont'd) 

1, PCBs (cont'd) 

c) Hydrothermal Decomposition of PCBs, 
Koch I University, Japan 

- flETHANOL and SODIUM HYDROXIDE AT 

300°C AND 180 Kg/cm2 pressure 

2, LIQUID INDUSTRIAL WASILS 

a) CoviLEY Consultants Limited 

- vapour compression distillation for 
concentration of wastes for re-use 

- Ministry to fund analytical testing 

PROGRAM; $40,000 

b) CPW. Barrie 

- 'King Technology' for the electro-chemical 

treatment of WASTES 

- Ministry to fund analytical testing 
program; t3i],000 
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WASTE SITE IDENTIFICATION STLIOY 

During 1979, study conducted by: 

York University; Southern Ontario 
Laurentian University; Northeastern Ontario 
Lakehead University; Northwestern Ontario 

Cost of inventory: $98,000 

Sources of information: 

Municipal officials 
Medical officers of Health 
Historical societies 
County records and annals 
Lonu-time local residents 

Summary report to be issued at end of June, 1980 

Total of L'-lSl sites iDEunpiED 

920 of these were previously known to 
Ministry but not certified because 

they CLOSED prior TO THE AUTHORIZING 

legislation in 1971 
Approximately 170 sites given priority I rating 

FOR MORE detailed INVESTIGATION UNDER PhASE II 
OF STUDY TO BE INITIATED IN JuLY AND COMPLETED 

BY October 

Qualified contractors will investigate well waters, 

surface waters, ON-SITE METHANE GAS GENERATION AND 

gas presence in adjacent structures 

Additional work is also being undertaken to attempt 

TO locate industrial waste disposal sites on 

COMPANY PROPERTIES Wfi ! -'m 'IIGHT NOT HAVE REEN 

identified i:i the earlier study. 
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WAY-BILL mNITORING PROGRAM 

New way-bill introduced in January, 1979, 
proving to be a definite improvement 

Study completed on optimal approach to 
handling way-bills and processing data 

An 'intelligent terminal' located in I.'aste 
Management Branch will be used to input data 

AND produce minor REPORTS. Th I S WILL BE 
supported by the GOVERNMENT MAIN COMPUTER 

for the production of major reports and 
statistics. 

New system to be in place this year subject 
TO equipment delivery 
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QUANTITIES OF LIQUID INDUSTRIAL WASTES GENERATED IN ONTARIO 
(Summary Report) January to December, 1979 

WASTE CLASSIFICATION VOLUME (GALLONS) 



101 Acids ^.060.100 

102 Alkalis 1,745,000 

103 Ketal Finishing Wastes 2,847,400 

104 Cyanides 41,700 

105 Chemical Fertilizer Wastes 641,100 

106 Phosphates 262,000 
190 Other (Inorganic) 7,076, COC 
20.1 Oily Water i4,:i42,000 

202 Waste Oils 2,477,800 

203 Organic Solvent? 2,339,200 

204 Chlorinated Solvent? 95,800 

205 Plastic Resins 1,094,900 

206 Amines 279,200 

207 Glycols 421,600 

208 Phenols 503,700 

209 PCB's 14,600 
290 Other (Organic) 3,991,000 

301 Pigments, Paint, Printing and 3,184,300 

Adhesives 

302 Pesticides 215,000 

303 Detergents, Cleanei^s anp Soaps 402,000 

304 Pharmaceui I CAL AND, Cosmetics • 22,000 

401 i'lant Ai.;D Animal Wastes 2,819,200 

402 Inert Sludge- 11,094,900 

UNGPECiriED 374,000 

liRAND TliTAL 61,547,100 
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TYPES OF INDUSTRIES 

METAL FINISHING 

PHARMACEUTICAL 

LABORATORIES 

FOOD 

CHEMICAL 

LAUNDRY 

TANI^^ERIES 

MISCFLU^.NEOUS fl/lNUFACTllRING 

PAINT MANUFACTURE 

FOREST PRODUCTS 



COSMETICS 



TEXTILE 



PETROLEUM & PETROCHEMICAL 



MUNICIPAL 



WOODWORKING 



.iir.L! I'L'-.Kji.b 



^■lASTICS 



PAT'EHY f1ANUFACTURIf-;G 



AUTOMOBILE MANUFACTURUiG 



OVER LOGO DIFFERENT SOURCES IDENTIFIED IN MINISTRY RECORDS 
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LIQUID 1NIU!?!R:AL WASTES 



DISPOS;^!. nCTHODS 



.1979 



VOLUME 
(Millions of Gallons) 



iMCINERATION 



19,0 



LANDl-iLL 



36. n 



EXPOR 



3.0 



MISCELLAKEOUS 



1.5 



OiAL 



61.5 
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REGULATIONS AND GUIDELINES 

1. REGULATIONS 

a) Movement of Equipment Containing PCBs 

- Draft completed and approved. Waiting for 
administrative guidelines. 

b) Registration of Wastes 

- Study completed of approach in other 
jurisdictions throughout world 

- Regulations expected to be drafted by end 
of year 

c) Prohibition on Landfilling of liquid wastes 

- Regulation in abeyance pending 
availability of alternative treatment and 
disposal facilities 

2. GUIDELINES 

a) Pollution Prevention and Waste Management 
Guidelines for PCBs, November, 1978, to be 
revised. 

b) Waste Classification Guidelines to be revised 
consistent with registration of waste 
regulation 

c) Treatment and Disposal of Liquid Industrial 
Waste Guideline to be updated or converted into 
Regulation 

d) Waste Oil Guideline to be revised pending 
policy on road oiling 
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PERPETUAL CARE PROGRAM 

Task Force established early in 1979 

Terms of Reference to ensure source of funding 
for short-term and long-term (after closure) 
contingencies at landfill sites 

Concluded that measures required in: 

a) Operational sector during operation and 
closure and for subsequent monitoring and 
maintenance 

b) Liability insurance - Off-site protection 
for third parties 

c) Care in perpetuity - to provide long-term 
maintenance and protection and for 
contingencies not covered by other measures. 

Work was delayed pending report from consultant 
on availability of insurance, 

Details now to be resolved: 

a) How can owners of sites be required to 
secure the necessary funding? 

b) What is reasonable level of insurance? 

c) What are reasonable surcharges for the 
establishment of perpetual care fund? 

Report expectfd to be finalized by end of year, 
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TRANSBOUNDARY MOVEMENT OF WASTES 

Ministry of the Environment and Environment 
Canada working on development of a Manifest 

SYSTEM FOR 1 NTERNAT IONAl/ ! NTER-PROVI NC I AL 

MOVEMENT OF WASTES 

tiOE REMAINS ?!Jri'OP"!"!VF OF 'OPEN RORDER' POLICY 
ON WASTE I:'I^P^i^,^L 

f';ul: a[;L' rlicHioAi^ rl-lv,^! i:;^ ting mlt^; )r>)i ogy for 

ALI THO i^ 1 Z i fi G WA S TE T R A N S r ',- ^. S , 

Currently movement of wastes is; 

Ontario to U.S. - 500,000 gals/month 

U,S, to Ontario - 80-90.000 gals/month 

PCB solid wastes may be taken to U.S. secure 
landfills for disposal by one contractor in 
Canada. Recent indications are that this 
permit may be withdrawn a.'^ of July i, 1980. 
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SOME POSSIBLE MANAGEMENT PLANS FOR 
THE TREATMENT/DISPOSAL OF 
LIQUID INDUSTRIAL AND HAZARDOUS WASTES 
IN ONTARIO 



BY 



J. W. MacLAREN 
0. MARTINI 
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1. INTRODUCTION 

Following a review of competitive proposals, Ontario's Ministry 
of the Environment retained James F. MacLaren Limited in March 
1979 to prepare an overall management plan for handling the 
Province's liquid industrial and hazardous wastes in an environ- 
mentally acceptable manner. In preparing this management plan, 
the Ministry directed the Consultant to address the following 
topics: 

(a) existing management practices 

(b) current, and probable future, waste quantities 

(c) major concerns with present management practices 

(d) available technologies for improved management of wastes 

(e) identification of candidate regions within which treatment/ 
disposal facilities might be located 

(f) alternative management systems 

It was further identified that the Consultant would 
consider essentially all wastes which should not be disposed 
of in sewers, water courses, sanitary landfills, etc. All 
radioactive wastes were excluded from consideration. The study 
area was identified as the entire Province except for North 
Western Ontario since the latter formed part of a parallel 
Federal-Provincial study. 

2. PRESENT MANAGEMENT PRACTICES 

Currently, most hazardous and liquid industrial wastes are 

removed from the waste generators' sites by independent truckers 

3 
in vacuiom trucks having an average capacity of 11.3 m (2,500 

gallons) hauling up to 60 km (35 miles) one way; large volume 

generators are serviced by tractor-trailer systems carrying 

3 
22.7 m (5,000 gallons) over 100 miles one way. At present, 

rail haulage does not play a significant role in the disposal 

of hazardous wastes but it is possible that this may change since 

truck haul costs continue to rise, often reaching levels of 1.5 

to 2 cents per litre or 7 cents per gallon. 
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- 1979 population of Bavaria - approx. 11 million 

- Quantity of "Special Wastes" - approx. 350,000 tonnes per yr . 

The bulk of the Ontario wastes are generated in the following 
broad areas. 

(a) Windsor, Sarnia, London and their environs 

(b) The Kitchener-Guelph-Cambridge triangle 

(c) The Golden Horseshoe (Oshawa to Niagara) . 

It is estimated that some 10 to 20% of the wastes would be 
perceived as hazardous by most people with the balance (80 
to 90%) being largely innocuous to human health. Examples 
of "hazardous" materials would be PCB's, banned pesticides, 
some acid solutions and compounds containing arsenic, mercury, 
beryllium and cyanides. Materials considered to be largely 
innocuious would include oil/water mixtures, paint sludges, 
metallic hydroxides and some organic solvents. 

By making an allowance for unrecorded wastes that are currently 
stored on generators' properties plus additional wastes from 
new industries and/or increased future production, it is 
estimated that waste quantities could total 80 million gallons 
(400,000 tonnes) per year by 1985. 

A review of historical data suggest that the foregoing total 
will include the following major categories of wastes: 

(i) lean organics mixtures containing 

mostly oil and water 40% or 160,000 tonnes/yr 

(ii) non-halogenated organics such as 
waste oils, paint sludges, 
solvents, etc. 30% or 120,000 tonnes/yr 

(iii) halogenated solvents and compounds 

containing PCB's <0.5% or 2,000 tonnes/yr 

(iv) spent caustics and other 

alkalis 17% or 68,000 tonnes/yr 
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Most of Ontario's hazardous and liquid industrial wastes are 
currently treated and/or disposed by one or more of the 
following methods: 

(a) controlled discharge to municipal sewerage systems 

Cb) co-disposal with solid wastes in some 20 to 25 sanitary 
landfills 

(c) product recovery with incineration of the residue (e.g. 
paint solvents) 

(d) export to facilities in United States (mainly New York, 
Ohio and Michigan) 

(e) incineration of non-halogenated organics at the Tricil 
Ltd. plant near Corunna 

(f) some chemical fixation in Hamilton, Ontario, by Frontenac 
Chemicals Ltd. 

(g) some suspected illegal dumping but it is believed that 
this quantity is limited. 

Costs for these services vary widely depending on the treatment 
and disposal method used, the waste characteristics and volume, 
etc. , but most range from 4 to 10 cents per litre or 18 to 50 
cents per gallon. 

3, CURRENT AND FUTURE WASTE QUANTITIES 

A review of data generated by the Province's existing Way-Bill 
system, supplemented by discussions with major haulers and 
generators suggest that Ontario's industrial, commercial and 
institutional complexes generate in the region of 70 million 
gallons (350 000 metric tonnes) of liquid industrial and 
hazardous wastes per year at this time. On a population basis 
(Ontario has about 9 million people) , these numbers are in 
line with statistics recently provided by the Lander of 
Bavaria in West Germany, thus 



(1) Defragger, F. , Bavarian State Ministry for Development 
and Environment; private communication. 
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(v) spent acids 12% or 48,000 tonnes/yr 

(vi) miscellaneous inorganics <0.5% or 2,000 tonnes/yr 

It is believed that confidence in the foregoing quantities can 
be placed at approximately 15% +, 

4. MAJOR CONCERNS WITH PRESENT PRACTICE 

Four major concerns were identified with current waste disposal 
practice in Ontario, viz. 

(a) most months, 50% or more of the Province's hauled 
liquid industrial wastes are co-disposed in some 2 
to 25 sanitary landfills. This practice poses a 
continuing threat to local groundwater regimes. 

(b) some 10% of the Province's wastes are now hauled to the 
U.S.A. for treatment and/or disposal (mainly to the 
States of New York, Ohio and Michigan) . There is no 
guarantee that these borders will remain open indefinitely. 

(c) there are no "high temperature" incinerators in Canada 
suitable for destroying halogenated organics such as 
PCB's and banned pesticides. 

(d) for a variety of valid reasons, the private sector has 

, not provided the necessary range facilities to properly 
manage all wastes generated in the Province. 

With reference to item (d) , the following facilities are 
urgently required to ensure that Ontario's industrial and 
hazardous wastes are properly managed in future: 

fi) a severe landfill for disposal of compounds of arsenic, 
lead, mercury, beryllium, etc. plus residues from 
pollution abatement facilities {e.g. metallic hydroxide 
sludges and wastes that have been chemically-fixed) . 
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(ii) a high temperature incinerator with appropriate emission 
control devices as noted in item (c) above. 

(iii) a physical chemical treatment complex where wastes such 
as oil-water mixtures, spent acids, spent alkalis, etc. 
could be neutralized and/or de-toxified. 

(iv) collection/storage depots for Northern and Eastern Ontario. 

5. AVAILABLE TECHNOLOGIES 

A review of European and North American practices in the field 
of industrial and hazardous waste management suggest the 
following to be viable, and existing technologies: 

- reduction and treatment at the source with landfilling 
and/or incineration of any resulting residues 

- secure landfills with leachate recovery 

incineration at "moderate" temperatures (750 to 800°C) 
of non-halogenated organics 

- high ten5>erature (1200°C or more) incineration on land 
or at sea for halogenated organics 

- physical-chemical treatment processes for oil-water 
mixtures plus a variety of inorganic wastes (e.g. spent 
acid and alkali cleaners) 

- solidification or chemical fixation (applicable to 
inorganic wastes mainly) 

- recovery and re-use (e.g. oils and cleaning solvents) 
with incineration of residues 

- interim storage in appropriately designed facilities 

- deep well disposal into suitable geological formations 
with landfilling of pretreatment residues 

- long-term storage in salt mines, 
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A number of technologies have been categorized as "experi- 
mental" or "emerging", including: 

vitrification 

microwave plasma reactors {Lockeed Corp. - 
California) 

plasma arc (R.M.C. - Kingston, Ontario) 

- King technology of CPW, Barrie, Ontario 
(proprietary electro chemical treatment) 

- chemical treatment for PCB's (University of 
Waterloo) 

destruction of PCB's in diesel engines (D. & D. 
Group and Ontario Research Foundation) 

6. CAIiDIDATE REGIONS 

From an analysis of results from the Ministry's Way-Bill 
system, it was determined that the majority of the liquid 
industrial wastes generated in Ontario originate in the 
area bounded by Oshawa on the east, Georgian Bay on the north 
and Windsor-Sarnia on the west. To establish waste treatment 
sites outside this section of the Province would create unique 
environmental and social risks to districts of the Province 
which have no interest or need for the service and at consi- 
derable additional transportation cost to those requiring the 
service. 

It is proposed therefore that this designated district of 
the Province where most of the industrial wastes are generated, 
be analyzed through a process of overlay mapping to identify 
those regions that appear to contain sites which meet criteria 
relating to social concerns, earth sciences and hydrology. 

As an example, social concerns might require the region con- 
taining a site opportunity to be more than 8 km from urban 
areas, and outside of Indian reservations, parks, conservation 
areas and prime agricultural land. 
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For earth sciences, as a further example, soil permeability, 
topography, geology and groundwater conditions would all be 
reviewed to set certain minimal criteria and any areas failing 
to satisfy these criteria would be eliminated from consideration 
on the overlay map of the district. 

Surface water considerations such as site flooding potential 
and proximity to drinking water sources would produce further 
criteria to reduce the Provincial district to a reasonable 
number of regions in which site opportunities could be investi- 
gated. 

It is recommended that this overlay or constraints mapping 
technique be initially undertaken on a regional basis using 
a "broad-brush" approach. The concept assumes that a desig- 
nated region probably has within it, one or more areas that 
have potential for detailed site investigation even though 
a significant portion of that region may be unacceptable for 
site opportunities. The criteria suggested for use in carrying 
out a constraint mapping exercise as described above are 
summarized in Table 1. 

Using the criteria summarized in Table 1, candidate regions 
shown in Figure 1 were identified. The "optimal areas" (shown 
in dark) exclude agricultural lands in Classes 1 to 4 of the 
Canada Land Inventory. The "minimal areas" (shown in grey) 
avoid Classes 1 and 2 but include Classes 3 and 4. 

It should also be noted that use of the foregoing constraint 
mapping technique eliminates several major parcels of Govern- 
ment-owned lands from consideration because of their agricul- 
tural capability (e.g. properties near Cayuga and Pickering). 

7. SOME POSSIBLE SYSTEM ALTERNATIVES 

It was previously identified that Ontario has a requirement 
for the following key facilities: 



TABLE 1 



CRITERIA FOR SELECTING CANDIDATE REGIONS 



Category 



Issue or Factor 



Suitability for Siting 
Acceptable Unacceptable 



Conments 



Social/Cultural Urban or densely pop. 
areas 



Closer tham 8 tan to a 
built-up area 



Further from populated area 
the better the site 



Recreational/Conser- 
vation areas 



Areas designated or 
established as parks 
or open space 



Condition set as above 



Agricultural areas 



Avoid Canada land inven- Use of Class 1 and 2 
tory Class 1,2,3,4 lands lands 



Class 1 and 2 lands critical 



Transportation network 



Access to 400 series 
highways desirable 



Use of local streets 



Major highway system best 
access route 
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Earth Sciences Topographic relief 



Slopes 1% to 5% 



Extreme flat or hilly 
terrain 



Drainage problems with flat 
areas and siting problems in 
hilly areas 



Geology 



Thick surficial deposits Exposed bedrock high- 
undisturbed sedimentary ly fractured bedrock 
bedrock low seismic risk higher seismic risk 



Maintenance of materials within 
the treatment area 



Soils 



Impervious clay/silt/ 
loam materials easily 
worked, poor agricultur- 
al use 



Pervious sands or 
gravels good agri- 
cultural land 



Low permeability of soils 
key component 



Subsoils 



Low permeability 
structurally unstable 



High permeability 
structurally stable 



Low permeability key as above 



Groundwater 



No aquifer recharge at 
site, deep water table, 
flow network in area 

established 



Aquifer recharge at 
site, high water 
table, erratic or 
unknown flow network 



Groundwater in site area to 
be protected 



TABLE 1 (cont'd) 



CRITERIA FOR SELECTING CANDIDATE REGIONS 



Category 



Issue or Factor 



Suitability for Siting 

Acceptable Unacceptable 



Comments 



Hydrology 



Water supplies 



Major bodies of water 
or wetlands 



Site remote from sources Site near to drinking Drinking water supplies to 
of water supplies water source be protected 



Site not adjacent to 
major body of water or 
wetland curea 



Site adjacent to a Protection of water quality 
multi-use water body in the area 
or wetland area 



Flooding 
Drainage 



TO 

00 



site is above flood 
prone areas 

Good site drainage and 
control 



Site in flood prone 
areas 

Poor site drainage 
with no control 



Flood protection of site 
necessary 

Avoid contamination of 
surface waters by contain- 
ment of wastes 
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OPTIMUM AREAS ( Al faclDfS optimiZK] > ^ 

MINIMUM AREAS ( sH factors optimized o 
except Sal CapaMity lor Agncutture 
where orty Class 1 and 2 soils are 
avoided 



B 16 24 MILES 

10 20 X 40 KlLOM€TfCS 




candidate 
areas 
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(a) collection/interim storage stations for Northern and 
Eastern Ontario 

(b) at least one high temperature incinerator for destruction 
of both halogenated and non-halogenated organics 

(c) at least one physical/chemical treatment complex to 
handle oil-water mixtures plus inorganic wastes such 
as spent acidic and alkaline solutions 

(d) at least one secure landfill for "non-treatable", com- 
pounds of mercury, beryllium, lead, arsenic, etc. in 
addition to sludges and residues from other waste 
treatment facilities. 

With the foregoing in mind, and having regard for the fact 
that facilities should ideally be located in close proximity 
to major generators to avoid the risks and costs associated 
with long hauls, the following management systems have been 
provisionally identified as viable and realistic alternatives: 

i) One "central facility" to handle essentially all 
wastes except those which are now satisfactorily handled by 
Tricil Ltd. , Anacheraia Solvents and other existing commerical 
firms. The central facility would include a secure landfill, 
a physical-chemical treatment complex and a high temperature 
incinerator on an area provisionally estimated at 250 hectares 
(about one square mile) including buffer zone. Ideally, the 
central facility would be located somewhere between the "Golden 
Horseshoe" and the Windsor-Sarnia area. 

ii) Two central facilities each having approximately 
one-half the capacity of the complex proposed in alternative 
one (1.) above. One of these would be sited to serve the 
"Golden Horseshoe", the Kitchener-Guelph area plus Eastern 
and Northern Ontario. The second would be sited to serve 
the Windsor-Sarnia-London areas. 
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iii) Facilities located on three separate sites . For 
example, physical chemical treatment at the site of the Ajax 
sewage treatment plant (Regional Durham proposal) a secure 
landfill in some rural area, and a high temperature incinerator 
on some urban lands currently zoned for heavy industrial 
usage. 

iv) Facilities located on two separate sites thus: 

a secure landfill on rural lands 

a high temperature incineration and a physical-chemical 
treatment plant on urban lands currently zoned for heavy 
industrial usage. 

v) Three separate sites , thus: 

- one secure landfill on rural lands 

one physical/chemical treatment complex and one incinerator 
to serve Windsor-Sarnia-London (probably on urban industrial 
lands) 

a second physical-chemical treatment complex and incinerator 
to serve the Golden Horseshoe , Northern and Eastern Ontario 

vi) Four separate sites , thus: 

one secure landfill (probably on rural land) 

one high temperature incinerator (probably on industrially 
zoned lands) 

a physical-chemical treatment plant at the site of the 
Ajax sewage treatment plant 

a second physical-chemical treatment plant to serve the 
Sarnia-Windsor-London area. 

8. CONCLUDING COMMENTS 

(a) An adjunct study on the transportation of liquid indus- 
trial and hazardous wastes including associated risks is 
now in progress. 
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(b) Issuance of an interim summary on the management of 
liquid industrial and hazardous wastes has generated 
sufficient public response to suggest the need for a 
substantial public information program. A white paper 
in this regard is now being considered. 

(c) Various other combinations of the management systems 
listed in item 7 are, of course, possible. 
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HAZARDOUS WASTES STRATEGY FOR WESTERN CANADA 
PRESENTED BY; EUGENE E. KUPCHANKO A. P.M.. ALBERTA ENVIRONMENT 

In September, 1979, Alberta Environment Minister, Jack Cookson, named 
a hazardous waste management committee to look into disposal of special 
wastes in Alberta, and propose recommendations for government action. 

The committee was formed after a private company proposed a waste 
treatment plant near Edmonton and encountered resistance from citizens 
of the area. 

One of the most controversial environmental problems of our society 
had begun to surface in Alberta. With the province moving to industrialization, 
the time was right to prevent the waste disposal problems found in many other 
areas. Concurrently with the activities in Alberta, Environment Canada, 
along with the Western Provinces, Northern Ontario, Yukon and the Northwt-st 
Territories embarked on a strategy for managing Industrial waste in Western 
and Northern Canada. The first phase of this strategy was the hiring of 
Reld, Crowther and Partners to review hazardous waste quantities and assess 
the need for developing a coordinated hazardous waste management program. 

The management and disposal of hazardous wastes presents a number of 
specific problems. The need for careful handling and safe disposal is not 
always fully recognized. The wide variety of waste types makes recognition 
of the particular danger of a given waste difficult for ail but the expert. 

A better quality of life is generally assumed to be the corollary 
of our technological wizardry. Unfortunately a by-product of this technology 
is waste, a good portion of which is hazardous in some respect. 

The hazardous waste problem in this country and in the United States 
can be considered as one of the last environmental frontiers. The 
dimensions of this last frontier are so staggering as to be virtuiilly 
incomprehensible. Involved are emotional issues of trying to regulate, 

control the use, and dispose of these wastes. 
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Hazardous Wastes Is defined as any discarded material or combination 
of refuse and discarded materials which cannot safely and adequately be 
handled by existing waste management facilities because they pose a 
substantial, present or potential hazard to human health or other living 
organisms or the physical environment because of their chemical, biologiral 
or physical properties. 

Hazardous wastes can be broken down into n number of categories: 

1. IgniLable 

2. Corrosive 

3. Reactive 
A . Toxic 

5. Infectious 

6. Bioaccumulative 

7. Mutagenic, carcinogenic and teratogenic 

It is readily apparent that the industrialization of northern and 
western Canada is concentrated within two provinces. Alberta and British Columbia. 

Alberta has its primary industries - petroleum extraction and petroleum 
refining. Alberta generates approximately 89,000 tonnes of hazardous waste 
or 3A percent of the study region totals. (Table 1) 

British Columbia has a greater diversity within its industrial base than 
does Alberta. In British Columbia, forestry, metal mining and manuf at- taring 
in addition to petroleum activities are major employers. British Columbia 
industries are responsible for the generation of 70,000 tonnes or 28 percent 
of the hazardous wastes. 
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What's The Problem? 

A guide to some of Alberta's haiardous wastes. 

MAJOR GENEflATlON 
WASTE TYPE INDUS TRIESOMPflOCtSSES 


EXAMPLES 


Adds 


Petroleum extract ior> and 
relining 

Textile industry 
Battery manulacturers 
Chemical industry 
Melal treating industry 


Waste dye solutions 

Soluble and suspended Fead 

wastes 
Pickling acicfs 


AIMIls 


Food industry 

Melal treating industry 

Chemical industry 


Brewery caustic pulps 
Cleaning solutions 


Conlaminat»d Soil and Sand 


All manulactunng industries 
Transportation industries 


Rail car cleanout wastes 


Sotventt, Oils, Oil/ Sotvmt 

MlxtUTM 


All manufacturing industries 
TransportatKjn Industries 
Petroleum and mining 
industries 
Utilities 

Municipal operations 
Laboratories 


Lubricating Oils 
Hydraulic oils 
Cooling oils 


PMllddM 


Chemical industry 
Application activities 

(municipal, agricultural. 

research) 


Manufacturing effluents, tars, 
residues 
Banned stocks 

Empty container residues 




All manufacturing industries 
Petroleum industry 


Penlachlorophenol sludge 
Oily sludges 
Heavy metal sludges 


Pathological Wastes 


Hospitals 

Medical and research 
laljoratories 


Infectious tissues bandages 
Discarded specimens 


Heavy Metal Solutions 


Electroplating industries 
Melal treating 
Textile industry 
Plate engraving 


Waste plating solutions 

Dye solutions 

Plate making solutions 


Intu 


Chemical manufacturing 
Printing operations 


Manufacturing residues 
Ink wastes 


Polychtortnated Biphenyla 
(PCBs) 


Manulactunng industries 
Utilities 


Transformer coolant fluids 
Out 0) service capacitors 
Soils and adsorphants 
contaminated tiy spills 


Ptiotographlc Procesalng 


Photo processors 

Printing industry 

Hospitals and research labs 


Waste photographic 
processing solulions 




Textile industry 
Chemical industry 
Manufacturing industries 


Dye wastes 
Chemical sludges 
Metal plating and treating 

wastes 

Waste chemicals 
Process equipment rinses 

and cleaning wastes 
Reject chemical products 


Hydrocartwn Chemical 
Wastes 


Petroleum production 
Chemical industry 


Pipeline piggmg wastes 
Chemical blending wastes 


Solid Chemical Wastes 


Chemical industry 
Manufacturing irvdustries 
Laboratories 


Waste chemicals 
Chemical sludges 


This inlamanon comes from a Decembei. 
1 9^9. report on ihe ecwxjmics oi special 
wasfe managemem tfy Hu Haiimt ana 
AssoctaiesLW 



_ 36 - 



*«.^'«'.i»'^J<:-'-«.-iii iL- X i. -c' -» *> 



:<i^i* ft- 



Saskatchewan has historically been considered as an agricultural 
province. This is reflected in the number of dependent industries located 
there, particularly farm machinery. Saskatchewan is currently developing 
its oil and mineral resources. This will increase this province's 
contribution of hazardous waste from its present A4,000 tonnes or 18 percent. 

Manitoba is dependent upon agriculturally-oriented industries and rretal 
mining (primarily nickel). However, the textile and manufacturing industries 
make a significant contribution to the generation of waste in this province. 
In total 42,000 tonnes or 17 percent is generated here. 

Northwestern Ontario has pulp and paper as its industrial mainstay. 
This region contributes 8000 tonnes or 3 percent of the total. 

The Yukon and Northwest Territories are not developed to as large a 
degree as are the provinces' mineral extractive industries, the basis of the 
Northern economy. The Yukon and Northwest Territories are each responsible 
for generating approximately ten tonnes of hazardous waste. 

Transporting waste materials from source to final disposal is an 
integral part of the overall waste management system. Careful examination 
of the transportation system Is necessary to understand the capacity of 
that system to handle the existing waste loads in a safe and environmentally 
acceptable manner. 

Most existing practices of hazardous waste collection and transport 
within the study area are far from adequate. There is no single 
reporting method used within the study area which can document a waste 
from the waste producer through to final disposal. Most firms handling 
the transportation of hazardous wastes have inadequate maintenance programs. 
Tank washing, for example, is conspicuously absent from the operations in 
many organizations. There are many other practices in the transportation 
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taelj: 1 

WASTI GENERATION S.«J>'A,?T 





WASTE CATEGORY 


N.li. OtjT. 


han:tcba 


SASK. 


SLEEKTA 


P.C. 


YUKON 


N.W.T. 


•i.v. CAMArt 






( tonnes ) 


(tonnes) 


(tonnes) 


( tomes J 


(tonnes) 


(tonrcsl 


(tonnes) 


tnnnes 1 


1. 


PCB 


neq 


10 


net! 


tD 


10 


ne-i 


ne5 


30 


2. 


ons 


3,500 


9,500 


12.500 


20,0UO 


23,000 


neg 


neg 


63,500 


3. 


Halogenated solvents 


N/A 


700 


200 


900 


2.100 


ne? 


neg 


3.900 


4. 


Honhalogenated solvents 


400 


100 


20 


5,600 


700 


n(?g 


neg 


6,8^0 


S. 


H«¥y Metal Solvents 


neg 


10 


ne^ 


neg 


20 


neq 


neg 


30 


6. 


General Mixed Hetal 




















Bearing Sludge 


100 


600 


5U0 


5,000 


2,400 


neg 


neg 


9,600 


7. 


Le«d iludge 


neg 


neg 


ney 


neg 


neg 


a 





neg 


s. 


Chroraluis 





500 


60 


100 


60 





r- 
-• 


720 


9. 


Copper 





neg 


neg 


neg 


neg 








neg 


10. 


Aluwlnum 


neg 


40 


ne5 


70 


30 








140 


n. 


Higntli\M* 





neg 




















12. 


PestUldej 





neg 


50 


180 


eo 








310 


13. 


Tejtllt yajte Treatment 





10 


10 


10 


40 








70 


U. 


Inn 


H/A 


10 


neg 


10 


40 








60 


IS. 


Organic tannery wait* 





9,600 


12,800 


2.100 


1,000 








25.000 


16. 


Dost and Scrubber 





20 


30 


90 


100 





c 


140 


17. 


Paint 


neg 


300 


BO 


300 


700 


neg 


neg 


1.380 


18. 


General Mixed Aqueouj 




















Metal Bearing Sludge 


neg 


neg 


neg 


SO 


30 


neg 





80 


19. 


Acfds wlt]i Heavy Metals 


neg 


$00 


40 


500 


500 


neg 


neg 


1.540 


20. 


Acids 


10 


90& 


2,200 


23.700 


14. IOC 


neg 


neg 


50,910 


21. 


AUalis with heavy loetals 





50 


10 


70 


40 


neg 


neg 


170 


22. 


AlkalU 


10 


2,200 


3.600 


5,500 


5,200 


neg 


neg 


16,510 


23. 


Plastic, resins and latex 


10 


200 


240 


460 


800 


neg 


neg 


1,710 


24. 


Phenols 


neg 


20 


neg 


60 


50 


neg 


neg 


130 


25. 


Cyanides 


neg 


600 


70 


1,200 


560 


neg 


neg 


2,430 


26. 


Phosphate Sludge 





n 


neg 


10 


20 








SO 


27. 


Explosives 





Q 





nefj 


neg 








neg 


28. 


Contamtnated Containers 




















i Equipment 


10 


20 


10 


460 


400 


leg 





910 


29. 


Contaninated Soil i Sand 


10 


1,800 


400 


2.500 


2.500 


rtJ 


neg 


11.010 


30. 


Asoestos 


neg 


10 


10 


3.700 


100 





C 


3,820 


31. 


Anmonia 


neg 


neg 


neg 


10 


10 








20 


32. 


Scrap Batteries 





30 





10 


?C 








60 


33. 


waste Activated Carbon 


neg 


100 


neg 


40 


100 


\J 





240 


34. 


Infectious Haste 


200 


900 


930 


1.200 


N/A 


neg 





3.240 


35. 


Tanit Bottoms 


40 


500 


720 


'.30C 


1,200 


neg 


nog 


3,760 


36. 


Chemicals 


neg 


5,500 


9.400 


12.200 


12,500 


neg 


neq 


39.600 


37. 


Sulphur 


neg 


eo 


120 


200 


20 


C 





420 


38. 


Fly Ash 


neg 


300 


?0 


150 


300 


nee 


r.eg 


77a 


39. 


Photo Che"-ical S 


120 


l,30o 


l.SOO 


1,1C0 


1.100 


neg 


neg 


4.4;j 


4Q. 


Spent Catalyst 


neg 


neg 


neg 


nf-i 


neg 


ne7 


neg 


neg 




TOTAL 


4.400 


37,000 


46,000 


89,000 


70,000 


neg 


neg 


246,400 



N/A Hot Available 

neg. ■ negligible amount: 



less than 10 tonnes 



Source - "Hazardous Wastes in Northern & Western Canada - The Need For a Waste 
Management Strategy" . . . Reld, Crowtlier Si Partners ltd. 
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Industry that can be considered questionable. These include mixing of 
known waste types, concealment of hazardous wastes as normal waste, poor 
equipment maintenance, lack of training and safety awareness and the 
disposal of wastes in unsuitable areas. 

Waste producers know the waste type, the transporter's identity, but not 
the location of disposal. The transporters are aware of the final disposal 
site for the waste but have limited knowledge of the waste type. The 
disposal site personnel are unaware of the characteristics relating to the 
waste being delivered and have sparse knowledge of the waste source. Within 
the total system there is an immediate need to document this information 
and to control the movement of the waste materials from source to tinal 
disposal. 

The management of hazardous wastes requires a comprehensive approach to 
ensure that all of the components are considered. The components are as 
follows: (Figure 2) 

• Viaste Generation . The waste inventory details, the quantity of wastes, 
rates of generation, waste characteristics, degrees of hazards and sources 

of generation 

• Transport System . The transport system should provide the mechanism for 
the collection, storage, transfer, and transport of wastes to processing 

and disposal facilities. The system capacity and the adequacy of practices 
to meet public health and environmental concerns are the key criteria. 

, Treatment and Disposal System . The treatment and disposal system 
provides a mechanism for detoxification of wastes wherever possible and their 
safe disposal. The key criteria are system capacity, and the adequacy of 
environmental concerns. 
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• Government Contro l. • Government control is necessary for each component 
of the system. The controls Include legislation, regulation and the en- 
forcement- The control component is perhaps the most important part of 
the system. All other parts cannot function effectively without systematic 
application of these controls. 

• Monitoring . Monitoring is necessary to ensure compliance by the 
participants in the systems with the appropriate collection, treatment and 
disposal controls. Monitoring ensures a degree of protection for public 
health and environment, and provides the necessary observation from source 
to final disposal. 

Along with the siting of a Hazardous waste disposal facility, trans- 
boundary movement of wastes is perhaps the most complex and controversial 
Issue confronting hazardous waste policy makers. Public and political 
concern about future Influx of wastes is puzzling in view of the current 
reality of transboundary movement of many hazardous chemicals. Inter- 
provincial and international movement of hazardous chemicals is virtually 
unregulated, and significant quantities of these chemicals regularly move 
from one end of Canada to the other. 

Increased public opposition to hazardous waste disposal facilities 
has brought social issues to the forefront. Indeed, many people involved in 
hazardous waste management now believe that social aspects create far more 
problems than the technical ones. 

The major concerns which arise, in the order in which the public has 
emphasized them are; 

(a) effects on human health 

(b) effects on the environment 
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(c) risk and safety 

(d) policy considerations 

(e) site planning factors 

(f) quality of life 

Public opposition to the hazardous waste site rises when citizens 
do not perceive the facility as solving a local problem. They feel no 
need to solve a problem they did not create. The public perception is that 
the need to protect human health and the environment from hazardous wastes 
far outweighs the financial costs Involved. 

The credibility of the sponsoring agency is a critical factor in the 
public's acceptance of an agency's information. The agency's expertise and 
perceived trustworthiness are closely related to its credibility. If 
the public involvement and hearing process is seen closely allied with the 
approvals process, credibility is undermined. 

One factor that influences social acceptability is the presence of 
useful information. The term "useful" refers to the audience for whom it 
was intended, not the agency which produces it. Typically, information 
about waste management is not understood by non-technical audiences bocnuse 
it is usually too complex; It focusses on engineering processes. The 
result is the generation of confusing and irrelevant information, seemingly 
designed to further public hostility. 

The media plays an important role in the dissemination and interpretation 
of Information about hazardous waste management. In many cases, government 
agencies and proponents have treated media representatives with fear and 
suspicion. Ironically what government agencies and proponents often fail 
to recognize is that the general public will receive most of its information 
about hazardous waste management through the media. As a result conflicting 
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sources of information are established, and, in tliis rase, the media is 
usually perceived as the more credible. 

Hearings are presently being carried out by the Environment Council 
of Alberta on Che Hazardous Waste Management Committee report. 

We have now at last count 12 communities that have expressed an 
interest In a chemical waste disposal facility. They see in the facility 
job opportunities and growth for their community. However, they feel more 
comfortable if the Alberta Government participated directy in the facility. 

We all have a large role to play in special waste management both on 
technical and the ever increasing social issues. Hopefully, through proper 
waste management we will make your province and my province a better place 
to live. 
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THE NIAGARA RIVER - NEV/ YORK'S Q^UUENGE FOR THE ^^^s 



JaiN J. Spagnoli 



JaiN C. TcmHON 



The Niagara River atjd its associated watershed have been a focal 

POIMT FOR ENVIROrF.ENTAL ISSUES AI^D COTJCERfsIS FOR SO^;E Tlf^E. LoVE CAmL. 
IN-PUCE HAZARIXXJS WASTE SITES, INDUSTRIAL EFFLUENTS, SCA/CECOS OPERATIONS 

AND THE Niagara Falls Sb-wge TREAT^:E^^■ Plant are RECErn* EXA^PLES of problems 

l^HICH HAVE precipitated AND CONTINUED TO FEED CONTROVERSIAL DISCUSSIOTJS 
RELATING TO WATER QUALITY, ENVIRONMENTAL PROTECTION AND OVERALL RESOURCE 

USE. Along ihe River, New York State and Ontario differ in their use and 

DEVELOPMENT OF PERIPHERAL LAND AREAS. ONTARIO, HAVING CHOSEN TO DIRECT 
TTIE LAND USE T^'iARDS RECREATIONAL IVHILE NeW YoRK PEP.MITTING THE LOf^lQ-TERM 
DEVELOPMENT OF INDUSTRIAL CEtfTERS. TheSE CENTERS BEGAN WIT>^ TTIE HYDRO- 
DEVELOPMENT OF THE RiVER AND HAVE GROV.N AND PROSPERED DURING THE EARLY TO 
MID YEARS OF TWIS CENTURY. WiTH OUR PRESENT AV/ARENGSS OF THE PAST 
MANUFACTURING PRACTICES, WASTE DISPOSAL METHODS A^JD LIMITED REGULATORY 
PROGRAMS, TT^ERE IS NO DOUBT THAT THIS EASTERN SHORE HAS THE PROPENSITY TO 
ADD CONTAMINANTS TO THOSE ALREADY PRESENT IN THE INCOMING UkE ErIE WATERS. 

This potential could remain unchecked if goverwental agencies do not continue 

TO enhance AfJD I^PLO•EfiT REGULATORY ACTIVITIES DIRECTED TOWARD RESTRICTING 

negative contriblttions to any tributary system, 

Water poll-Ution and solid waste cqytrols have existed for several 
decades and have addressed classical issues of bod, suspended solids, ph, 
ETC. The 60's in paj^ticular reflected a tecaee ct pu'sTirnnG. CcrpRL'HFrjsivE 

SEVWGE AND SOLID WASTE STUDIES VnERE UNDERTAKEN IN THE COUNTIES OF THE StATE. 
yV-TERNATIVE PUNS FOR CCNSOLIEWTION OF FACILITIES WERE DEVELOPED AND ADOPTED. 
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With the passage of the Pure Waters Bond Act of 1965/ detailed facility 

PLANNING COrVCNCED. In 1970 WITH THE REDIRECTION OF THE DEPARTMENT OF 

Health and the creation of the Department of Envirowental CaiSERVATiow. 
New York State set the stage for a more comprehensive and EFFEaiVE pollution 

ABATEf-IENT PROGRAM. To THIS END IN 197?. THE FUNDING OF THE PURE WaTERS 

Bond Aa vws augmented by the State ENViRomENiAL Quality BaiD Act. That 
SAME year the Fedgral I-'ater Pollution Control Act /'VienH'^.ents (PL 92-500) 

WAS PASSED WICH NOT CtJLY REQUIRED ENHANCED WASTEWATER TREAThENT BUT ALSO 
INCREASED FEDERAL COST SHARING FOR PLANS AND IffTERCEPTORS. Hoi^.'EVER/ IT 
WS NOT UNTIL 197^ THAT A STATEWIDE PROGRAM FOR TREATTENT WITH E^PHASIS 
ON SYNTHETIC ORGANIC WASTES STARTED TO TAKE SHAPE. ThIS NEW DIRECTION WAS 
TO FURTHER AUGMENT THE EXISTING WATER POLLUTION ABATEMENT ACTIVITIES FOR 
VHICH IN THE NIAGARA FRONTIER OVER ONE BILLION DOLLARS HAS BEEN EXPENDED. 
YiE ARE PRESENTLY OPERATING IN THIS MODE AND LOOK TO ENHANCB-EtiT OF THIS 
IMPETUS IN THE NEAR FUTURE. 

II. EEQBLm 

The Niagara River receives waste contributions from the watershed 
in addition to that wich is present in the water at its point of entry 
from Lake Erie. The specific effluent points are many and their 

CONTAMINANTS VARY, ThESE UNDESIRED COMPOUNDS DEGRADE WATER QUALITY AND MAY 
LIMIT ITS USE. FURTHERf-IORE SOME HAVE SHOVJN A PROPENSITY TO EITHER KILL 
AQUATIC LIFE FORMS OR BIOACOJMIAJ^TE IN THE TISSUES AFFECTING SOME BODY 
PROCESSES. In THOSE INSTANCES WERE CONTAMINATION MAY NOT BE PRESENT IN 
HIGH ENOUGH CONCENTW\TION TO AFFECT THE RESOURCE. IT STILL MAY AFFECT THE 
RESOURCE USE BY RESTRiaiNG CONSLTPTION. In ALL INSTANCES AND FOR ALL 
SITUATIONS IT IS DESIRABLE TO LIMIT NEGATIVE CONTRIBUTIONS TO ANY AQUATIC 
SYSTEM. THEREFORE/ A KNOnLEDGE OF ALL WASTE SOURCES IS ESSENTIAL FOR T>€ 
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DEVELOPMENT OF ANY LONG-TEf^ REMEDIAL PLAN FOR ENHANCE OF TWE WATERWAY, 

A. Municipal Facilities 

All major population centers adjacent to Uke Erie and "mE Niagara 
River are now served by municipal facilities. To date most are providing 

SECONDARY treatment AND HAVE CAPACITY FOR PHOSPHOROUS REf-'CVAL. ThOSE 
systems with INDUSTRY HAVE IN TTHE PAST PERMITTED INDUSTRIAL TIE-INS AND* 
NOW TREAT A MIXED EFFLUENT. ThIS SLIDE LISTS THE 11 M^,JOR FACILITIES 
WHICH SERVE THE 1.3 MILLION PEOPLE AND TRIBUTARY INDUSTRIES IN ErIE 

AND Niagara Counties. Of particular irn"EREST is tie wastewater 

FACILITY SERVING IhE CiTY OF NIAGARA FaLLS. ThIS WASTEWATER TREAT^'£NT 
PLANT IS AN AI^'ANCED WASTE TREATMENT FACILITY WITH A DESIGN FLCW OF 
^8 MGD. TrEATEMENT PROVIDED INaUDES CHEMICAL FLOCULATION, COAGULATION, 
SEDIMENTATION/ pH ADJUSTMENT/ CARBON FILTRATION AND CHLOR I NAT I ON . ThIS 
PLANT STARTED TO RECEIVE FLOW IN APRIL OF 1977/ HOVe/ER/ SEVERAL PROBLB-'S 
DEVELOPED SINCE START-UP. The CARBON BEDS hTHICH CONSTITUTE THE ADVANCED 
TREAT^ENT ELEMENT FAILED DUE TO CORROSION OF THE SUPPORTING STEEL IN 
TTiE BOTTOM OF THE BED. THIS CAUSED TWE BED SUPPORT PU\TES TO BUCKLE 
UNDER THE BACKi'lASH PRESSURE. 

An INVESTIGATION AND REMEDIAL PU\N HAS BEEN CO^PLETED, FiNAL 
RESTORATION IS IMMINENT WITH CO^PLETION IN ABOUT ONE YEAR. Hoiv-EVER/ 
DURING THE HIATUS OF INCOMPLETE TREATMENT/ THE FACILITY CONTINUES TO 
OPERATE WITH ALL OTHER UNITS AND IS CAPABLE OF ACHIEVI^K5 ± 60X REMOVAL 
OF WASTE INaUDING SYNTHETIC ORGANICS. An ADDITIONAL PROBLEM ENCOUrfTERED 
IN THE FACILITY IS ABOVE AVERAGE DRY WEATHER FLWS OF 65 MGD AS Ca-'PARED 
TO A DESIGN OF ^8 MGD. STUDIES ARE UNDER\<AY TO IDENTIFY EXTRANEOUS 
FLOWS TO THE SYSTEM, 

- 47 - 



B. Industrial Facilities 

Direct industrial dischargers have also been the subject of 
compliance actions during "me past decade. federal discharge limitations 
based on the utilization of best practicable trea7t^£nt plus the require- 
t^m TO MEET State v^ater quality standards has resulted in expenditures 

FOR INDUSTRIAL WATER POLLUTION CONTROL IN ErIE AND NIAGARA CoUNTIES IN 
THE AMOUNT OF ABOLTT $230 MILLION. At THE PRESENT TIME IT IS OUR BELIEF 
THAT TTiERE IS GENERAL CO^PLIANCE BY THE DIRECT INDUSTRIAL DISCHARGERS 
WITH APPLICATION OF BEST PRACTICABLE TREATMENT REQUIRE^ENTS. ThE FOLLOWING 

2 slides reflect tthe major industries and indicates the major parameters of 
concern in their effluents. 

Furthermore, effort is eeing expended by some industries to address 
infiltration — into old sewer lines — of fiaterials vhich have conta/iinated 

peripheral SOIL NEAR AND AROUND PIPE JOINTS OR BREAKS. ThESE CONTAMINATCTS 
ENTER THE SEWER PARTICULARLY DURING PERIODS OF HIGH PRECIPITATION. BECAUSE 
OF THIS PROBLEM EFFLUENTS FROM SOME INDUSTRIES REMAIN MARGINAL DESPITE 
EFFORTS TO ADEQUATELY TREAT PROCESS WASTES. 

C. In-Place Hazardous Waste Sites 

The Interagency Task Force on Hazardous V/astes was created in 
August of 1978 as a response to a grO'/ing awareness of ttie danger of 
abandoned hazardous waste DISPOSAL SITES IN Erie mu Niagara CourrriEs. 

The GROUP was charged with TWE responsibility for DETERMINING TWE SOURCE, 
nature AND location OF HAZARDOUS WASTE SITES IN THE TV.'0 COUNTIES. As 
A RESULT OF TUEIR WORK/ 215 SITES WERE IDENTIFIED INaUDING: 125 
INDUSTRIAL VIASTE SITES O^ED BY V/ASTH GENERATORS, ^. MUNICIPAL, STATE 
OR PRIVATE WAST1E DISPOSAL SITES, 6 FEDERAL DISPOSAL SITES, V/lTHIN THIS 
GROUP 36 WERE GIVEN PRIORITY I RATINGS (DEFINITELY RECEIVED LARGE 
QUANTITIES OF HAZARDOUS WASTES); 116 CUSSIFIED AS PRIORITY II (fAY HAVE 

RECEIVED SIGNIFICANT QUANTITIES OF HAZARDOUS WASTES); AND 61 WERE ASSIGNED 
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PRIC#?ITY III (unlikely TO HAVE RECEIVED SIGNIFICANT QUA^^"ITIES OF HAZARDOUS 

wastes). This slide reflects "mE location of the sites. A recent investi- 
gation IN THE other ^ COUNTIES OF THE WATERSHED HAS ADDED ABOLTT 50 ADDITIONAL 
sites TO THIS LIST. I HAVE SELECTED THE MORE SIGNIFICA^^* OF THESE SITES AND 

depicted the available information on t>^£ follo^/ing slides: 

(For all sites give history, present state & prognosis) 

Hooker Co. - Love Canal duPont - Necco Park 

Hooker Co. - Hyde Park duPont - Buffalo Ave. Pu\nt Sites 

Hooker Co. - S & N Areas I'jV^eatfield Lanefill 

Hooker Co. - D S F Areas Latjcaster Landfill 

Hooker Co. - 102nd Street pRQ'sn'iER Chb-iical - Pendleton site 

Hooker Co. - IXjrez CECOS - Niagara Falls facility 

C^iN - 102nd Street SCA - Porter Facility 

All of these sites contain wastes which are hazardous to humans or the 

environment. With few exceptions the wastes were disposed of witf;cut 

concern for FLTTURE migration AlVAY FROM THE DUMP AREA. CONSEQUENTLY/ WE ARE 
NOW AWARE THAT FOR THE MOST PART THE AFOREMEIVTIONED SITES ARE CONTAMINATING 
GROUND WATER OR HAVE THE PROPENSITY TO COf^AMINATE GROUND WATER. NoTING THE 
DIRECTION OF THE FLOW, ITS RATE THROUGH THE Ift-EDIATE SOILS AND ADJACENT 
ROCK STRATA, IT IS REASONABLE TO SURMISE THAT A FEW SITES HAVE BECOME 
SOURCES OF INDUSTRIAL CONTAMINATION TO THE NIAGARA RiVER. ThE I^PACT FROM 
THESE UNIQUE AND LONG-TERM NON-POINT SOURCES IS BEING INVESTIGATED. 

D, NoN-PoiMT Sources and Accidental Spills 

It IS IMPOSSIBLE to QUANTIFY THE CONTRIBLTTIONS FROM NON-POINT OR 
ACCIDENTAL SOURCES. DaTA FROM STUDIES ON URBAN, SUBURBAN OR AGRICULTURAL 
^^iATERSHEDS SUGGESTS A DIVERSITY OF COMPONENTS TO A DEGREE REUTED TO THE 
USES OF TT€ WATERSHED OR THE INDUSTRIES OPERATING IN THE AREA. ThERE IS 
NO QUESTION THAT RUNOFF WATER FROM NIAGARA FaLLS, SoUTH BUFFALO OR LaCKAWAT^NA 
PROBABLY CONTAINS CONTAf-1 1 NANTS ASSOCIATED WITH INDUSTRY AS AGRICULTURAL 

RUNOFF HAS BEEN SHCWJ TO CONTAIN TRACES OF PESTICIDES USED. 
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In ALL OF THE AFORB^I^IONED CASES KNOV^^DGE OF THE EFFLUENT AND 
ITS COMPONENTS IS I^PERATIVE IN ADDRESSING NOT ONLY THE QUALITY OF 7>^E 
SPECIFIC EFFLUENT/ ITS IITACT ON THE RECEIVING STREAM BUT ALSO IS USABLE 
AS A BACK-TRACKING MECHANISM TO LOCATE THE SOURCE OF AN UNDESIRED PARA- 
METER OF CONCENTRATION NOTED IN WATER OR BIOTA SAMPLING. 

i] 

The tePARTMENT OF Environmental Conservation is directed by mandate 

TO ". . . CONSERVE/ IMPROVE AND PROTECT ITS NATURAL RESOURCES AND EWIRa-F£NT 
AND CONTROL WATER, LAND AND AIR POLLl/TION . . ," It IS OUR OBJECTIVE TO 
K£ET THIS MANDATE WITH REGUUTORY PROGRAMS OF BOTH StATE AND FEDERAL ORIGIN. 
Cur INCREASED ACTIVITIES SHALL BE DIRECTED TO THE HAZARDOUS PORTION OF ANY 

effluent consistently afm^pting to preclude those contributions ^*^ich 
have a propensity to impact on health and the environ^'£nt. 

The State is giving high priority and program emphasis to an overall 
strategy to control hazardous wastes. our present e/phasis is to address 
in-place problems but we are actively involved in activities which will 

PREaUDE NEW CONTRIBUTIONS. ThESE ACTIVITIES ARE INTERDISCIPLINARY IN 
NATURE AND INaUDE PARTICIPATION BY BOTH THE ENGINEERirJG AND NATURAL 
RESOURCE DIVISIONS. ThE STRATEGIES DEVELOPED ARE REVIB,ED WITH EPA TO ASSURE 
DIRECT COMPATIBILITY WITH THE MYRIAD OF FEDERAL LAWS AND REGUUTIONS SINCE 

New York State desires to continue to receive delegations for the I^PLEMENTATION 
CF Federal programs, Additionally, we do not wish to promulgate strategies 

THAT conflict WITH NATIONAL POLICY. 

Present activities with n/.jcr impact on the Niaga,ra River ih'auDE: 

Ai Pretreatment Programs 

All >uaciPAL sb-wge treat>"£nt plants with a design flw greater 

than 5 mgd must initiate and enforce an industrial PRETREATT^'ENT 

program in accordance with Federal reguutions, N'ew York State CEC 
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WILL ASSUME RESPONSIBILITY TO OVERVIEW TVIE PROGRAM. TuE KEY 
DATE FOR BOTH MUNICIPALITIES AND INDUSTRIES IS JuLY L 1983. 

Categorical effluent limits for 129 priority pamrANTs will be 

ESTABLISHED BY EPA FOR 21 INEUSTRIAL CATEGORIES. At THE PRESErfT 
TIME FIVE OF THE n FACILITIES rENTia^ED ABOVE HAVE PRETREATMENT 
PROGRAMS UNDERWAY. ThEY INCLUDE: 

Buffalo Sev/er Authority City of North Tonawanda 
Town of Tonawanea City of Niagara Falls 

lom of /klERST 

Some smaller plants with design FLavs less than 5 mgd will require 
a pretreatt^nt program IF industries provide a significant portion 
of their daily flow. 
B. SPDES Permit System 

Since 1972, Federal regulations have required a polllttant discharge 
elimination system permit for regulation of discharges from point 
sources. The initial permits were Federal hot issuance is Nav 
delegated to New York State. This requires that all industrial 

and municipal wastewaters must ^EET specified effluent STAfJDARDS 

in addition to surface water standards. Industrial effluent limits 

ARE designated BY INDUSTRIAL CATEGORY AND PRESENT RESTRICTiaJS ARE 
BASED ON BPT (bEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE). 
By 7/1/84 INDUSTRY WILL BE REQUIRED TO PROVIDE BAT (bEST AVAILABLE 

technology economically achievable) as a minimum treatment for 
pollutants inauding tcxic wastes. municipal facilities must provide 
secondary treatment by 7/1/83. 

Analytical techniques and treatability mta for the 129 priority 
chemicals is being supplied by the usepa. 
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C. Inventory Progr/w 

pRI^/J?Y ACTIVITIES BEING UNDERTAKEN FOR THIS TASK IfJaUDE THE 
STATEWIDE INDUSTRIAL CHEMICAL SURVEY/ STATEWIDE INVENTORY OF INDUSTRIAL 
HAZARDOUS WASTES, AND ASSESS/CNT OF AIR AND WATER EFFLUEF^S. INFOR^W- 
TION GATHERED IS USED TO IDENTIFY PRIORITY SITES, PREPARE PEPJ-1ITS 
LIMITING THE DISCHARGE OF TOXIC SUBSTATJCES MiB IN THE IDENTIFICATION 
OF ENVIRONf-ENTAL HOTSPOTS. INFORMATION ON TOXIC AND HAZARDOUS 
WASTE GENERATORS, HAULERS AND DISPOSAL SITES WITH VOLU^ES AND 
CHARACTERISTICS WILL SERVE AS THE BASIS FOR FUTURE HAZARDOUS WASTES 
REGULATORY ACTIVITIES. 

D. Monitoring Program 

The State has historically monitored effluents and watervwys 
for classical polllttants. cllring t>^e past several years new approaches 
to monitoring have been i^plemented v>herein toxic substances have 

TAKEN PRIORITY OVER PREVIOUS PARAMETERS. ThE RE-ORIENTATION CONTINUES 

WITH THE FOLLaVING PROJEaED FEATURES: 

. NPCES/SPEES PERMITS WILL BE MODIFIED TO INCLUDE PARAMETERS FOR 

HAZARDOUS/tOXIC SUBSTANCES, 
. EPA AND EEC WILL INSURE THAT A HIGH PRIORITY IS GIVEN TO StEP 1 

GRANTS TO MUNICIPALITIES TO CONDUCT SURVEYS OF INDIRECT INDUSTRIAL 

SOURCES OF TOXIC POLLLTTANTS. 
. DEC WILL INSURE THE DEVELOPMENT OF ADEQUATE HAZARDOUS WASTE AND 

SANITARY UV^EFILL SELF-MONITORING PR0GRA/-1S. 
. EEC AND EPA WILL EXPAND COTPLIANCE MONITC'RING INSPECTIONS. 
. EPA WILL ENCOJRAGE THE CORPS OF ENGINEERS TO ESTABLISH A TOXICS 

MONITORirJG PROGR/V-l IN AREAS OF MAJOR HARBOR MAINTENA^JCE. 
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. Trackdown surveys will be increased utilizing water quality or 
bioassay mta as a base. 

. F!cBILE BIOASSAY WILL BE EN'hiATiCED FOR EFFLUENT MONITORING. 
. BlOASSAY WILL BECOME A MORE FREQUENT PARAMETER IN INDUSTRIAL 

EFFLUENT PERMITS. 
. The EXISTING toxic substances MONITORING PROGRAM UTILIZING FISH 

AS A BIOMONITOR WILL BE EXPA^iDED. 

. DEC, Ministry of the Environmep^ and Environ/ient Catwda /-fe 

PRESENTLY MEETING TO DISCUSS THE FEASIBILITY OF A MUTUAL RIVER 
monitoring PROGRAT-I WI"m emphasis ON TOXIC SUBSTANCES. 

E. In-Place Toxic Substances Remedial Work 

The Department of Environmental Conservation has developed 

AND is If-PLEMENTING A STRATEGY TO ADDRESS THE INPLACE HAZA/!DCUS 
waste SITES, It is the objective of THIS STRATEGY TO PRECLUDE 

further migration of contaminants to the peripheral environment. 
as of this date action has been initiated on all priority one sites. 
Many are now in some state of remedial kork. In time priority two 

SITES WILL be addressed. To THE EXTENT POSSIBLE NeW YoRK StATE IS 
directing TTIE LA^JD0M^ER TO ASSUME RESPONSIBILITY FOR THE V/ORK. 
Ho^EVER/ considering TT^E COST OF REMEDIAL ACTIVITIES IT CAN BE 
EXPECTED THAT RESISTENCE AND LEGAL ACTIOTJ WILL BE REQUIRED ^vMERE 
OWNERSHIP IS IN QUESTION. 

IV. Future 

The Niagara Frontier being one of the most industrialized areas of 
New York State and the center for petro-chb-iical activities has been snavN 

TO HAVE a concentration OF POLLUTION PROBLEMS. ThIS ReGION PRESENTLY HAS 

THE DUBIOUS HONOR OF HAVING ABOUT 50% OF ftev YoRK StATE's TOXIC OR HAZARDOUS 

WASTE PROBLEMS. CONSEQUENTLY/ IT HAS BECOME A PRIORITY AREA FOR ACTION 

DURING T>^E 193) 'S. NoT CfJLY IS TTIE StATE DIRECTING ADDITIOfJAL RESOURCES TO 
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"mis WATERSHED BUT IHE REGION IS STARTING TO SHIFT PRIORITIES TO ENIWICE 
TOXICS MANAGEMENT. FOR THE MOST PART MANAGEMENT IS FEASIBLE. PoiNT SOURCES 
MiD INPLACE HAZARDOUS WASTE AREAS WILL REQUIRE A CONSIDERABLE mOlNT OF TIME 
AND EFFORT TO ADDRESS, NeW TECHNIQUES FOR RESTRICTING THE MIGRATION OF 
CONTAMINANTS FROM DUMPS WILL BE DB'ELCPED. WASTEWATER TREATT^IENT PROCESSES WILL 
BECOME MORE EXACT REQUIRING GREATER PRECISENESS. NeW LEGISLATION RELATIVE TO 

hazardous waste transportation/ storage and disposal will mandate greater 
control and be a catalyst for innovative technology. 

The improvements made in all media ~ air-land-vjater — of the Niagara 
Watershed will result in a higher standard of living for this shared resource. 
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INTRODUCTION 

One of the major uses of polychlorinated biphenyls has been as 
a dielectric fluid in power transformers and power factor 
correction capacitors. Fluids containing PCB ' s have been used 
in this type of equipment since the 19 30 's. These fluids are 
cominonly called "Askarels". 

In recent years production and use of PCB's in manufacturing 
and processing has stopped in North America. Although these 
actions have alleviated to some extent the concern that the 
environment may be further contaminated with PCB's, the task: of 
managing existing stocks of PCB's, and PCB contaminated materials, 
in an environmentally safe manner still remains. 

In January 1978 as part of a program to provide environmentallv 
safe PCB management options, Ontario Hydro set out to develop 
techniques to safely manage waste PCB's owned by the Corporation. 
This program included both the treatment of PCB fluid, and solid 
material contaminated with PCB. 

To date, the major emphasis of attempts by industry, the Federal 
Government and the Provincial Government to develop safe manage- 
ment methods for PCB's has been in respect of PCB fluids and 
PCB contaminated oil. Little effort has been devoted to develop- 
ing methods for solid material contaminated v;ith PCB. 

This paper is intended to illustrate some of the problems 
associated with management of solid waste, to describe some of 
the options presently being evaluated by Ontario Hydro and to 
report on the results of a project undertaken by the Corporation 
to demonstrate the feasibility of solvent cleaning of transformers 
and capacitors . 
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PCS SOLID WASTE 

PCB solid waste material is any solid material which has come in 
contact with PCB fluid through its use as a dielectric fluid, or 
as a result of loss of PCB fluid from equipment. The majority 
of solid waste material generated by Ontario Hydro, falls into 
the former category. This waste is generally in the form of whole 
capacitors and drained transformers. 

Capacitors are sealed steel cases with paper, aluminum foil and 
polypropylene internals. A large proportion of the PCB ' s in 
these units is impregnated in, or adsorbed on, the internals and 
cannot be removed by draining. 

The drained transformers are steel cases containing a laminated 
steel core wrapped with copper wire and paper. These transformers 
range in size from small potential transfoirmers containing 30 L 
of askarel, to large exciter transformers containing up to 10 m' 
of askarel and weighing about 20 000 kg drained. 

Any facility designed to store, decontaminate or dispose of this 
material must have the capability of handling not only a large 
volume of solid material of this type, but also these very large 
individual pieces of equipment. 

MANAGEMENT OPTIONS 

The investigation of management options for PCB solid waste v/as 
approached with a number of objectives in mind. The methods 
must: 

- minimize loss of PCB to the environment 

- minimize occupational exposure to PCB ' s by minimizing 

handling of PCB contaminated solids 

- maximize to the extend practical the removal of PCB ' s 
from the solid waste material 

Trans formers 

The management options for transformers are outlined in Figure 1. 
Transformers brought out of service are sent to interim storage 
where they are drained of as much of the PCB fluid as possible. 
These units are then ready for disposal. 

The initial approach to disposing of transformers involved 
investigating methods to mechanically disassemble and decontami- 
nate whole transformers. The main reason for this was that 
manually dismantling transformers is a labour intensive job 
which could potentially involve exposure of employees to PCB ' s . 
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FIGURE 1 
PCS FILLED TRAMSFORMERS 
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Mechanical disassembling the transformers and subsequently de- 
contaminating the parts is not considered practical. The 
majority of the PCB filled transformers owned by Ontario Hydro 
are large and we believe it would be extremely difficult to 
devise a facility which could mechanically disassemble the cores 
efficiently, economically, and with acceptable working condi- 
tions for employees. 

Interim and long term storage implies either storage of contami- 
nated equipment for a period of time until ultimate disposal 
options are available, or permanent storage. This type of 
storage may be above or below ground in engineered storage 
structures. It is the present policy of Ontario Hydro to provide 
safe interim storage, but permanent storage of this material 
is not considered an acceptable option for disposal of PCB 
solids . 

"Decontamination" means cleaning of the solid material to a 
level which can be considered as low as practical and acceptable 
for release as normal scrap. As shown, it would be a desirable 
option to be able to acceptably decontaminate whole transformers 
without disassembling them. In any case, if decontamination of 
whole transformers cannot provide acceptable conditions for dis- 
posal as normal scrap, it may provide acceptable conditions for 
dismantling. Dismantling would allow separation of the material 
which cannot be further decontaminated from that which can be 
decontaminated. 

Options for treatment of the dismantled transformer are given in 
Figure 2. They include decontamination by use of solvent, 
incineration or other means presently being developed for treat- 
ment of PCB wastes. 

In each of these cases the decision as to whether further de- 
contamination is necessary is dependent upon whether, at any 
stage, material can be considered to be deconi-aminatar' tc the 
extent practical and acceptable for release as normal scran. 

A research program was set up to examine solvent decontamination 
of whole transformers and to answer three questions. 

1. Is solvent decontamination feasible as a technique to 
satisfactorily clean PCB filled transformers? 

2. When can PCB filled transformers be considered 
decontaminated and acceptable for release as normal 
scrap? 

3. Does significant holdup of PCB ' s occur in parts of 
the transformer after decontamination and where is it 
held? 
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FIGURE 2 
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FIGURES 
PCB FILLED CAPACITORS 
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Capacitors 

Options for disposal of capacitors are outlined in Figure 3. 
Prior to any treatment of the capacitors they must be opened. 
One way to do this and achieve the objective of minimizing 
contact is by mechanical shredding. Tests carried out by both 
Ontario Hydro and a private company in the United States have 
indicated that shredding is practical for essentially all 
types and sizes of capacitors owned by Ontario Hydro. 

The shredded material must be decontaminated in order that, 
as in the case of transformers, the decontaminated solid can 
be directed to normal scrap. This implies that solid material 
has been decontaminated to a level which can be considered as 
low as practical and acceptable for disposal as normal scrap. 

There are several methods under consideration by different 
agencies and groups for decontamination of capacitor material. 
The studies reported here have concentrated on solvent dacon- 
tamination. Other methods include incineration in a rotary 
kiln, which has been successfully tested. The advantage of 
solvent decontamination is the waste product, PCB laden solvent, 
is compatible with all the PCB liquid disposal options being 
developed and thus does not depend on the construction of a 
specific type of incineration facility such as a rotary kiln. 

A research program was set up to examine solvent decontamination 
of shredded capacitors and to answer two questions. 

1. Is solvent decontamination feasible for such material 
as shredded capacitors? 

2. Can the cleaned material be considered acceptable for 
disposal as decontaminated waste? 

RESEARCH PROGRA.M 

Transformers 

Three cleaning processes were investigated for removal of PCB's 
from transformers with a minimum of disassembly: 

(i) Ministry of Environment procedure 

(ii) Hot solvent soaking 

(iii) Vapour phase degreasing 

Each of these processes can be subdivided into three parts; 
draining, main cleaning procedure, supplementary cleaning 
procedure . 
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The Ministry of Environment procedure as outlined in Table ] 
suggests that, after draining, transformers be cleaned by three 
successive soaks in an appropriate solvent. The duration of 
the draining period and the first soak was specified at 24 
hours each but was not specified for the second and third 
soaks. In this study, the transformers were subjected to three 
24 hour soaks followed by an extended soak for 36 days. Clean 
solvent was used for each of the three initial soaks but the 
third soak solution was returned to the unit for the long term 
soak. 

In the main cleaning step of the hot solvent soak procedure the 
unit was filled with trichloroethylene at 50'C. The solvent 
was circulated through the transformer at a rate equivalent to 
two transformer volumes per hour for six hours while maintaining 
the temperature at 50°C. After cooling overnight with no 
circulation the solvent was again heated to SCC and circulated 
for six hours as before. Heating and circulation were stopped 
and the unit allowed to stand for four days before the solvent 
was removed. In the supplementary cleaning step this procedure 
was repeated with clean trichloroethylene. 

Vapour phase degreasing is a widely used industrial process for 
removal of oil, grease, wax, etc from metal parts, glass, and 
other objects. This is usually accomplished in an open tank 
and the articles to be cleaned are lowered into the hot solvent 
vapours. Vapour phase degreasing equipment has also been 
developed for cleaning the interior surfaces of large vessels 
such as storage tanks and railroad tankers. The solvent vapour 
is generated in a separate container and transferred to the 
contaminated vessel. This technique of external vapour 
generation was employed here. Vapour was generated until the 
entire transformer was filled with hot trichloroethylene 
vapours. Condensed solvent was continuously removed. Upon 
completion of the vapour phase degreasing step the unit was 
subjected to a supplementary soak in trichloroethylene for 6 
days . 

The exact quantity of askarel present in a transformer is not 
known; the nameplate gives nominal data only. Accurate informa- 
tion on the contents is required in order to estimate the 
efficiency of the treatment processes. Therefore, after clean- 
ing, it is necessary to completely dismantle each of the test 
units to determine the location and quantity of retained PCB . 
The core and coil assemblies were removed and the case cleaned. 
The core and coil assem±)lies were dismantled yielding several 
thousand steel strips or plates and 3 to 5 tightly wound coils 
consisting of copper wire covered with insulation, paper, wood 
and cardboard. The steel strips were cleaned by immersion in 
solvent and representative samples of the major components of 
the coils were analyzed for PCB. 
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TABLE T 

MINISTRY OF ENVIRONMENT GUIDELINE FOR THE 
DECONTAMINATION OF ELECTRICAL EQUIPMENT 



1. THE TRANSFORMER SHOULD BE DRAINED BY OPENING 

THE DRAIN VALVE OR PUNCTURING THE UNIT AND 
ALLOWED TO DRAIN INTO AN APPROPRIATE CONTAINER 
FOR AT LEAST 24 HOURS. 

2. THE DRAIN VALVE SHOULD THEN BE CLOSED OR THE 
UNIT SEALED AND FILLED WITH SOLVENT AND LEFT 
FILLED FOR AT LEAST 2H HOURS. 

3. THE SOLVENT SHOULD THEN BE DRAINED AND THE 
TRANSFORMER RINSED TWO MORE TIMES BY FILLING 
AND DRAINING WITH CLEAN SOLVENT. 

4. THE SECOND AND THIRD RINSES MAY BE RETAINED 
FOR USE AS THE FIRST RINSE IN DECONTAMINATING 
OTHER EQUIPMENT, 

5. ALL RINSES SHOULD BE DISPOSED AS PCB LIQUIDS 
WHEN THE PCB CONTENT EXCEEDS 100 mg/kg 
(0.01 PER CENT). 

6. THE DECONTAMINATED EQUIPMENT MAY BE DISPOSED 

IN ANY LANDFILL AUTHORIZED TO ACCEPT INDUSTRIAL 
SOLIDS OR BY SALE AS SCRAP METAL. 
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Results 

The results obtained with each of the three cleaning processes 
have been summarized in Table 2. It should be noted that the 
minimum times specified in Table 2 for the cleaning steps in 
each process are somewhat less than actually employed, however, 
analysis of cleaning solutions at various times indicated that 
the minimum times stated are adequate. 

Draining alone removed 91-96% of the PCB and the combination of 
draining and the main cleaning procedure removed greater than 
99% in each case; MOE procedure 99.76%, hot solvent soaking 
99.55%; vapour phase degreasing 99.10%. The addition of the 
supplementary cleaning procedure increased these figures to 
99.95%, 99.96% and 99.72% respectively. 

For disposal purposes the more critical figure is not the 
quantity of PCB removed but the quantity of PCB which remains 
when the cleaning process has been completed. Modification 
of the MOE procedure by extending the third soak for 16 days 
reduced the retained PCB to approximately 0.1 kg. The total 
solvent consumption was three times the transformer volume and 
the total elapsed time of the MOE procedure plus the 16 day 
soak was 19 days. Hot solvent soaking resulted in a similar 
retained quantity of 0.1 kg PCB with a total solvent consump- 
tion of twice the transformer volume and a total elapsed time 
of 4 days. Vapour phase degreasing accompanied by the 
additional six day soak required a solvent volume 1.2 times the 
transformer volume and a total elapsed time of 7 days and 
resulted in a residual PCB quantity of 0.7 kg. Following each 
cleaning process it was determine that retained PCB resided 
almost exclusively in the interstices between the steel core 
plates and in the paper and insulation of the copper coils. 

Environment Canada guidelines for the management of waste 
materials containing polychlorinated biphenyls require the PCB 
content of a container, eg transformer, to be reduced as close 
as possible to a maximum allowable PCB content of 100 mg/kg . 
In Table 2 the ratio of the mass of retained PCB to the mass of 
the cleaned transformer, ie the PCB content, has been tabulated 
for each cleaning process after the main cleaning stage and 
the supplementary cleaning stage. It should be noted that the 
desired PCB/solid ratio of 100 mg/kg is approximated most closely 
by the hot solvent process. It is not possible to determine the 
residual PCB content of a cleaned transformer without completely 
dismantling the unit as was done here. As this cannot be done 
on a routine basis the requirement that the PCB content be 
reduced 'as close as possible to a maximum allowable PCB content 
of 100 mg/kg' is meaningless for cleaning whole transformers. 
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TABLE 2 
COMPARISON OF TRANSFORMER DECONTAMINATION PROCEDURES 






TRANSFORMER CLEANING 
PROCEDURES USING 
TRICHLOROETHYLENE 


SOLVENT 

VOLUME 

REQUIRED 


PCB REMOVED 
I kg 


PCB RETAINED 
AFIbR EACH STAGE 

% kg 


CLEAN 
TRANSFORMER 
MASS kg 


RATIO OF 
RtlAINED 
PCB TO 

SOLID* mg/kg 


PCB CONC 
IN FINAL 
SOAK 
mg/kg 


MOE PROCEDURE 

DRAINING 24 h 

THREE 21 h SOAKS 

SUPPLEMENTARY SOAK, 
min 16 d 


3X 
TRANSFORMER 
VOLUME 


91.18 
99.76 
99.95 


170.25 
186.25 
186.61 


8.82 
0.2i» 
0.05 


16.46 
0.46 
0.10 


450 


1022 
222 


3000 


HOT CIRCULATING SOLVENT 
(50°C) 
DRAINING 3 h 

FIRST SOAK, min 2 d 

SUPPLEMENTARY SOAK, 
min 1 h 


2JC 

TRANSFORMER 
VOLUME 


95.65 
99.55 
99.96 


251.80 
262.06 
263.13 


4.35 

o.ts 

0.04 


11.44 
1.18 
0.11 


824 


1432 
133 


1500 


VAPOUR PHASE DECREASING 

DRAINING 3 h 

VAPOUR PHASE, min 1 h 

SUPPLEMENTARY SOAK, 
min 6 d 


1.2X 
TRANSFORMER 
VOLUME 


95.25 
99.10 
99.72 


230.60 
239.93 
2H1.43 


4.75 
0.90 
0.28 


11.51 
2.18 
0.68 


824 


2645 
825 


5000 



Conversely, the studies undertaken by Ontario Hydro, have 
demonstrated that it is possible by solvent cleaning of whole 
transformers to consistently reduce the PCB content of the 
cleaned unit to a level considered acceptable for disposal as 
normal scrap. 

Capacitors 

Power factor correction capacitors which utilize PCB as the 
dielectric fluid consist of multiple layers of polypropylene 
film, paper and alxjininum foil wound to form a hollow cylinder. 
The hollow cylinders are then pressed flat and a number of 
these sections tightly packed into the capacitor case; the 
number of sections and the size of each section depend upon 
capacitor design. 

During manufacture the spaces within the capacitor are evacuated 
and askarel is impregnated into the interstices and the paper 
and plastic components of the capacitor at elevated temperature 
for a minimum of 48 hours. 

A typical power factor capacitor contains approximately 15 kg 
of fluid and it has been estimated that from 10-50% of this is 
present as free liquid with the remainder impregnated into the 
capacitor core. In this program, out of service capacitors 
were drained, dismantled, and cut in the laboratory to simulate 
a shredded unit. The resulting solid was then subjected to 
various solvent cleaning treatments. 

Results 

The variables investigated were solvent type, solvent/solid 
ratio, degree of agitation, and particle size. It was determined 
that the majority of the PCB remaining within the pores and 
interstices of capacitor sections after draining can be removed 
by multi-stage cocurrent batch extraction using trichloroethylene 
as the extraction solvent. 

The results are summarized in Table 3. Approximately 50% of the 
PCB present in the unit was removed by draining with the total 
quantity removed by draining and extraction being 99.9% in a 
relatively small number of extraction stages, leaving 0.01 kg 
of PCB per capacitor. 

CONCLUSIONS 

This work has demonstrated that PCB filled transformers can be 
satisfactorily decontaminated by a variety of solvent cleaning 
techniques. The procedure reccommended by the Ministry of 
Environment proved to be effective in removing most of the PCB 
originally present however it was found that modification of the 
procedure reduced the quantity of PCB retained even further but 
extended the cleaning time per unit to almost three weeks. 
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TABLE 3 

PCB REMOVAL FROM A POWER FACTOR 
CORRECTION CAPACITOR BY DRAINING AND 
MULTI-STAGE COCURRENT BATCH EXTRACTION 





PCB 

% 


REMOVED 

kg 


DRAINING 


50.20 


5.2 


TRICHLOROETHYLENE 
EXTRACTION 


99.90 


10.3 


PCB REMAINING 


0.10 


0.01 
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Of the procedures tested the one that can best meet the objec- 
tive of the cleaning program is hot solvent soaking using tri- 
chloroethylene at 50 "c as described below. 

(i) Drain transformer for at least 3 hours or until 
no further liquid is removed. 

(ii) Fill the unit with trichloroethy lene at 50'C 

and circulate at a rate equivalent to two trans- 
former volumes per hour for 2 davs while main- 
taining the temperature at 50°C. 

(iii) Drain, refill with clean trichloroethylene at 
50°C and circulate as above for at least one 
hour before draining. 

This cleaning procedure will produce a high level of decon- 
tamination, >99.9%, within 4 days using a solvent volume 
approximately twice that of the transformer. The solvent can 
be almost totally recovered by distillation and recycled and 
the volume of PCB liquid to be destroyed is not significantly 
greater than that which was present in the transformer. 

It is expected that the laboratory results obtained in the 
capacitor cleaning trials could be duplicated on industrial 
equipment capable of handling Ontario Hydro askarel filled 
capacitors. Following shredding and draining the contaminated 
solid can be cleaned by multi-stage cocurrent batch extraction 
which involves complete cleaning of a single batch of solid 
before proceeding to the next. Given the relatively small 
volume of capacitor solids to be cleaned this appears to be the 
most suitable approach but it may be that multi-stage counter- 
current batch extraction, in which a number of solid batches 
are cleaned, simultaneously, is preferable. The data acquired 
here can be used as a basis for design of either system. 

It is likely that a PCB solid waste handling ^Licility, if con- 
structed, V7ill include equipment for solvent washing of trans- 
formers and possibly equipment for shredding and solvent 
extraction of capacitors at a single site. Trichloroethylene, 
the preferred extraction solvent, is nonflammable and can be 
separated from PCB's by distillation and recycled thus minimi- 
zing the volume of contaminated liquid produced in the cleaning 
process . 

This experimental program has obtained many of the answers to 
the questions posed earlier and will provide a basis for dis- 
cussion and decision making with respect to the safe disposal 
of PCB waste material generated by Ontario Hydro. 

This program has also tested the procedures presently recommended 
by regulatory agencies and determined how successfully they 
meet the proposed guidelines for decontamination of PCB trans- 
formers and capacitors. 
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SITING HAZARDOUS WASTE DISPOSAL FACILITIES 
HOW TO PREVENT LAWSUITS and the "NOT IN MY 
BACKYARD" SYNDROME 



by DAVID ESTRIN 



Note : Original version of this 
paper was read on behalf 
of Mr. Estrin at the 
Conference by Councillor 
Margaret Marland, City of 
Mississauga. 



(Revised Edition) 
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Preface 



Both as General Counsel for the Canadian Environmental Law Association 
(1971-74) and in my private practice (restricted to environmental and 
energy law) I have often represented individuals and ratepayers groups 
who deem themselves negatively affected by governmental and private 
industry initiatives and who thus have opposed them. 

On the other hand, as a hopefully aware citizen and as a 
professor in the Faculty of Environmental Studies, University of 
Waterloo, I know the safe disposal of hazardous wastes is something 
which must be implemented very soon, and not just talked about at 
conferences. 

What I'm about to say is accordingly based on 10 years of 
experience working within the environmental regulatory system, working 
to a large extent with those experiencing - or as some might say the 
potential victims of - poor environmental planning. 

I'd like to think that this experience has given me some 
insight as to how government and industry can both try and seek out 
public co-operation, as opposed to public opposition, in solving this 
serious problem. 
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I was therefore "^ery pleased to be able to accept the 
invitation to speak to you today, because I believe that many in 
this audience are in a position - if you accept my analysis of 
the problem - to do something about the very real crises that exists 
in implementing a hazardous waste disposal strategy. 
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Almost exactly one year ago, on June 19, 1979, The Hon. 
Harry Parrott, Ontario's Minister of the Environment, through his Deputy 
Minister, delivered a speech to the 26th Ontario Industrial Waste Conference 
entitled "Liquid Industrial Wastes - Beyond the Seven-Point program". 

Dr. Parrott commenced his remarks with the statement that: 

The safe and efficient disposal of waste generated 
by western society's massive industrial structure is 
one of the major challenges in environmental 
protection today. 

The Minister's remarks then went on to outline a strategy 
for handling liquid industrial wastes. 

The Minister stated that: 

The technical, administrative and economic aspects of 

waste disposal do not present insuperable difficulties. 

However we are faced with the major problem... of public 
attitude. 

Just about any community you can name will object 
vigorously to any hint of a liquid industrial waste 
facility in their neighbourhood. 

Why? Three reasons come to mind. Fear, mistrust and 
pure self-interest. 

The Minister continued: 

No one wants a liquid industrial waste facility, or for 
that matter any kind of landfill or disposal facility, 
near or in, his or her neighbourhood. There comes a 
time, however, when all but the most biased must accept 
that something must be done in the broader public 
interest and in accepting a degree of responsibility 
as a member of the community. 
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The Minister then stated the challenge that he saw was: 

...to gain widespread public acceptance of the existence 
of disposal sites and the great need for new facilities. 
We ask Ontario residents to examine the technical facts 
and to make a judgement on the facts. We want Ontarians 
to know that our decisions will be based on these same 
technical facts. 



Dr. Parrott has to be congratulated for bringing to the Ministry 
of the Environment a fresh attitude of "lets get something done about this 
grave problem". Unfortunately, the Ministry went about attempting to 
implement this initiative in a manner that ignored totally the ■^ery 
challenge that Dr. Parrott recognized in his speech of last year of 
"the need to gain widespread public acceptance of the existence of 
disposal facilities and the great need for new facilities". 

The Ministry has utterly failed to gain widespread public 
acceptance of the need for hazardous waste disposal facilities; the fear 
and mistrust the Minister spoke of is continuously manifesting itself 
in large emotional public meetings across Ontario and in lawsuits brought, 
not just by individuals, but by municipalities, who are convinced, with 
their citizens, that the decision by someone in the Ministry of the 
Environment to locate a disposal facility in their municipality and in 
their neighbourhood is a formula for disaster. 

Why do the Ministry of the Environment's proposals (or 
proposals by corporations or municipalities which have obtained an initial, 
prescreening approval from the Ministry of the Environment) stir up 
such violent emotions and opposition? 
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Obviously, for some persons with property located Immediately 
near the proposed facility, there will always be the self-interest that 
the Minister spoke of. No matter how safe, some people will always 
object to an unusual installation in their area because they perceive 
their property value may be lowered. But this factor is not the main one 
that is behind these lengthy, protracted and emotional battles that have 
been and will continue to be fought in opposing hazardous waste facilities. 

The factors that have led to such controversies and 
opposition and that will continue, unless appropriate strategies are 
invoked, are fear and mistrust. But this fear and mistrust have been 
directly the result of the Ministry of the Environment's inability to 
gain credibility as an agency with expertise, one which should be trusted 
by the public if it says something is needed and that something is safe. 

If public leaders could trust in the 
credibility and technical competence of the Ministry of the Environment, 
and also could believe that the Ministry was willing to allow the public 
to participate in decisions about the type and siting of hazardous waste 
facilities, much of the fear and mistrust could be displaced. If public 
leaders could perceive that the Ministry was credible and trustworthy, 
the Ministry and citizen leaders could work together to convince the 
majority that there was no need to fear the establishment of a given 
facility, that the interests of the public had indeed been well 
addressed in the planning stages. 

However the Ministry's key problems of public fear and mistrust, 

were unfortunately predictable based on another part of the Minister's 
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speech from 1979. 

Having said, as quoted earlier, that "we need to gain wide- 
spread public acceptance of disposal sites and a great need for new 
facilities" and that "we ask Ontario residents to examine the technical 
facts and to make a judgement on the facts", the Minister went on to make 
one further statement (in the form of a rhetorical question) which is 
evidence of the MOE's real attitude and which has led to the 
utter failure of the Ministry's attempts to successfully do anything 
about siting hazardous waste disposal facilities in Ontario. 

That sentence was: 

Is it asking too much for citizens to accept a facility 
in their corrrnunity because it's the best place for it 
and because the facility is required to serve the 
public need in general? 

Although posed as a question, this was a statement of basic MOE philosophy: 
"we" (the Ministry of the Environment) know what's 

best and you (the public) will just have to accept a facility when and 
where we say it's required - because if we say so it must be safe in 
concept, design and in its siting. 

Unfortunately, the Ministry's track record is such that quite 
correctly, the public has not accepted Ministry actions based on this - 
the real philosophy of "we know best". 

Continuing fear and mistrust on the part of the public are 
justified in regard to the way the Ministry has gone about its proposals 

for the establishment of hazardous waste facilities because the Ministry 
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(and even Environment Canada) have publicly' endorsed proposals that are 
not technically sound. 

Let's look at some examples. 

In 1977-78 public hearings were held by the Environmental 
Assessment Board, under the Environmental Protection Act, 1971, and under 
the Ontario Water Resources Act, in regard to a proposal for a waste 
disposal site which would include facilities designed to handle liquid 
waste treatment and the landfill of hazardous industrial wastes in the 
City of Nanticoke. The application was made by Nanticoke Waste Management 
Limited for a site consisting of approximately 100 acres. This was a 
proposal that had been scrutinized in advance by the Ministry of the 
Environment before the public hearings were held and obviously the 
Ministry's experts had judged the proposal to be technically sound at 
that stage. And at the hearings, the Ministry of the Environment presented 
evidence by some 12 witnesses, stressing the need for this facility and 
indicating that in the Ministry's technical assessment the effect on the 
environment would be minimal. 

After 43 morning, afternoon and evening sessions and the filing 
of 163 exhibits the Environmental Assessment Board recommended against 
approval of the proposal. Primarily because of citizen intervention at 
the hearing, the following were demonstrated: 

(1) That the MOE accepted data and figures from the 
applicant without inquiring fully into their validity; 

(2) That despite its support for the use of plastic 
liners, the Ministry in fact had neither the 
experience nor expertise to properly evaluate them; 
and 
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(3) That although normal MOE responsibilities include 
thorough investigation of proposals before 
recommending them for hearing, it was only during 
the hearings themselves that MOE admitted that if 
it had known about a local community water intake 
pipe it would not have recommended Nanticoke Creek 
as a discharge point. 



The Ministry of the Environment had in this case not only 
encouraged the application to go forward, but as aforesaid had come and 
testified at the hearing in favour of it despite the fact that the evidence 
raised doubts in the minds of members of the Assessment Board that the 
effluent, even after dilution, "would meet the requirements of the Ministry 
of the Environment's water quality criteria for all of the critical 
parameters". The Ministry had come out to the hearing and were not so 
much concerned about "technical facts" as they were about the need for 
new facilities and that, to quote the observations of the Assessment 
Board "no other applications for facilities, similar to those being 
proposed were before the Ministry". It seems clear that in the case 
of Nanticoke, the Ministry's overriding desire to see some kind of 
facility established outweighed any objectivity as to the technical 
deficiencies of the project. 

For in rejecting the Nantiocke proposal, the Board found: 

-"the information provided at the Hearing was insufficient and tended to 

be contradictory, especially with regard to the soil permeability at the 

site, and location of the watertable"; 
-"the landfill proposal of the Applicant was based on a liner, the life 

of which was not predicted to extend for the full lifetime of the landfill. 

The resulting problem of how to handle the leachate, following the 

deterioration of the liner, was not addressed to the Board's full 

satisfaction". - 77 - 



One other interesting and important observation of the Board, 

of general application, was that: 

In the consideration of the environmental effects of such 
a facility, the selection of the site is a significant 
factor. This requires the use of specialized techniques 
which are consistent with a concern regarding direct and 
potential environmental impact both on present and on 
future generations. 



This important observation made in 1978, was apparently dis- 
regarded again by the Ministry of the Environment in the next example 
to be discussed. 

The next example is the proposal by the Region of Durham to 
convert a redundant sewage treatment plant for the treatment of liquid 
industrial waste. 

This proposal was supported in its conceptual stages both 
by the Ministry of the Environment and by the Federal Department of the 
Environment. The Federal Department of the Environment granted funds 
to Simcoe Engineering Limited to do a feasibility study on the conversion 
and at a later point in time the Ministry of the Environment entered into 
an agreement with Durham Region to pay for further engineering studies and 
to provide funding so that the Region (even though publicly funded on 
taxpayers dollars) should have sufficient "encouragement" to take the 
matter before the Environmental Assessment Board. Further, the Ministry 
promised in a written agreement to pay $2,000,000.00 or more in regard to 
the cost of converting the plant if approved by the Environmental Assessment 
Board (again under the provisions of the Environmental Protection Act, 1971). 

- 78 - 



The Ministry's actions in entering into this agreement and 
statements made by Ministry officials certainly clearly indicated to the 
public that in the Ministry's view this was a technically sound proposal. 

Yet the proposal as presented to the Environmental Assessment 
Board (in hearings which in terms of evidence have just concluded) was 
empty of detail : 

- While the proposal submitted by Simcoe Engineering on behalf of the Region 
was bulky, approximately half of it consisted of newspaper clippings. 
When one looked to see the technical basis for the proposal, one found 

some considerable theoretical, first year university chemistry text book style 
discussion of the principles of neutralization and percipitation, 
but no serious attempt made to relate the theories to the actual 
facility. Very little was found in the proposal with regard to what 
processes would be carried on where and how; 

- In testimony before the Environmental Assessment Board the consulting 
engineer for the Region who was the project manager admitted he had not even 
counted accurately the number of existing tanks at the sewage treatment plant 
{existing tanks being a large justification in the mind of the proponent 

for going to this facility); the engineers assumed there were 22 tanks 

when in fact there were only 15; -the confusion stemmed from not 

bothering to examine the existing facility carefully enough (a catwalk shown on 

diagrams of the existing facility across the middle of tanks leading to the 

mistaken assumption that certain large tanks were divided into two)! 

- No investigation was made by or on behalf of the Region in regard to 
soils around and under the site or of the hydrogeology 

of the site. In fact the plant is located on a floodplain 

and soils reports prepared when the sewage treatment plant was built 
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show serious potential for ground water contamination if leaks were 
to occur and that would in turn obviously lead to river contamination 
(the river being located within approximately 200 feet of the plant). 
This concern was heightened in that approximately one half of the 
existing tanks are 25 years old and all are buried or partially buried 
in the ground and the Region's consultants had no idea as to their 
condition or expected life. 

In a report prepared by James F. MacLaren Limited for the 
Ministry of the Environment dated August 1979 (and published prior to 
the Simcoe proposal for the conversion of the Ajax sewage treatment plant) 
entitled "Development of Treatment and/or Disposal Site for Liquid 
Industrial Wastes and Hazardous Wastes", MacLaren' s stated (p. 4-1) that 
there tends to be a strong public mistrust of the contention by the 
technical community that methodology of site selection is adequate for 
safe and effective siting, and MacLaren's went on to suggest that, 
historically, the public's confidence must be satisfied in three potential 
areas of genuine concern, including*'that the transportation of hazardous 

wastes into the adjacent environment cannot occur". It was obviously 
the case that in making the application to the Environmental Assessment 
Board the Region of Durham and its consultants and indeed the Ministry 
of the Environment in its in-house evaluation of the proposal had not even 
bothered to address in any serious manner, if at all, this rather critical 
factor and nevertheless let the proposal go to the Environmental Assessment 
Board without such a key factor having been addressed. 
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Further, MacLarens had also indicated that on 
the basis of past failures by private enterprise to establish waste 
disposal facilities, that public concerns had to be satisfied by providing 
adequate evidence of the need and reliability of the proposal. In order to 
satisfy at least the majority of the public's concerns, MacLarens stated 
the following specific elements must be addressed: 

(a) The public must be made aware of the consequences 
involved both in accepting or rejecting a site; 

(b) Siting criteria must be established so as to clearly 
identify the risks involved; 

(c) The public must have reasonable confidence in the 
technology proposed; 

(d) The public must have confidence in the criteria 
selection process; 

(e) The siting process must be developed to involve 
the public during the early planning stages. 

Again, when one reviews the Ajax proposal, one quickly finds 

that several of these basic elements that need to be addressed in order 

to achieve public confidence, as suggested by MacLarens, were not addressed 

at all in the proposal. Ignoring both the EAB's recommendation in the Nanticoke 

decision, and item (b) by MacLarens regarding the need for siting criteria, there 
were no siting criteria established in order to select an appropriate site.* 

(In so far as such siting 

criteria were developed by MacLarens in the MacLaren Report the Ajax site fails to 

meet almost every critical aspect of these.) And obviously the public in 

the case of Ajax was not involved at all in the siting process "during 

the early planning stages". The Region's major scheme to 

involve the public in the case of Ajax was to establish an office in the 

community, approximately one month prior to the scheduled hearing by the 

Environmental Assessment Board, giving the public press releases and other 

predigested materials on why the facility was needed. 

*£xcept , of course, that they were attempting to locate a redundant sewage 
treatment plant in Durham Region. _ gi _ 



The Ministry in underwriting and advocating the Durham proposal, 

obviously also ignored its own "Guidelines for Environmental Protection 

Measures at Chemical Storage Facilities" published by the Waste Management 

Branch in October, 1978. Under the heading "General Principles of 

Engineering Controls" it is stated: 

Changes in the chemicals to be stored in a given facility 
should not be permitted until a competent assessment has 
been made of the suitability of the facility for such a 
change in service. 

There was no assessment made, in the case of the Ajax proposal, 
of the existing state of the Ajax facility in terms of the existing 
character of the pipes and tanks and the degree to which these would be 
rendered unsuitable or hazardous as a result of new chemicals introduced 
into them. 

The same principles of engineering controls continues: 

Where possible, storage facilities should not be located 
where, in the event of a spill, waste product may enter 
a natural water course or sewerage or drainage system 
or contaminate potable surface or ground water supplies 

It was obvious that this basic principle was ignored by the MOE when it 
agreed to support the Durham proposal . 

The third example leading to public fear and distrust of 

Ministry advocacy of the establishment of a given hazardous waste disposal 

facility stems from the proposal to dispose of RGBs by burning in the 

St. Lawrence Cement kiln in Mississauga. This proposal was supported both 

by the Federal Department of the Environment and the Ministry of the 

Environment who were initially responsible for developing the concept on 
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a technical basis. 

Initially both governments were responsible for creating 
fear and mistrust by carrying on this activity in secret and without 
allowing their experimental conclusions to be subjected to public scrutiny. 
Both governments went so far as to plan to use St. Lawrence Cement as a 
PCB disposal facility without informing the public, let alone calling any 
public enquiry to allow the scientific conclusions to be subjected to 
public scrutiny, even though this would be the first time anywhere in 
the world where a cement manufacturing plant would be used as a PCB 
waste disposal facility. 

The internal decisions by the Ministry of the Environment and 
the Federal Department of the Environment to go ahead with the use of 
St. Lawrence Cement as a PCB destruction facility quite reasonably led 
to public fear and mistrust when such a decision was made in the absence 
of any criteria having been established for what is a safe and desirable 
location for such activity to occur. 

When the Ministry, sometime later, asked M.M. Dillon Limited to 
develop criteria for the establishment of an interim PCB storage facility, 
M.M. Dillon, in a lengthy report, suggested that if fire occurred in a 
storage tank containing 20,000 gallons of liquids with 10% PCB content* 
the toxicity of materials being burned would be such as to require that 
all persons within 10 kilometers downwind of the tank within a sector of 
width approximately 2,000 meters wide would have to be evacuated. In 
practice the time of dispersion of the cloud would not allow sufficient 
time for evacuation to be carried out before the population was exposed 

*which is exactly the blend and volume to be used for the proposed test burn 
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to essentially the total dose of PCBs. Therefore in selecting a site for 
storage of PCBs based on the possibility of a fire M.M. Dillon recommended 
a criteria that such sites not be considered where major population 
centres occur within a 10 kilometer radius of the site. In fact there 
are approximately 129,000 persons residing within 10 kilometers of the 
St. Lawrence Cement plant {within the City of Mississauga) and approximately 
50,000 residing in the Town of Oakville within 10 kilometers of St. Lawrence 
Cement. This means that approximately 75% of the residents of the City of 
Mississauga and approximately 70% of the Town of Oakville could need to be 
immediately evacuated from their homes if a fire were to take place at the 
St. Lawrence Cement plant when the material needed for a proposed test burn 
were to catch fire. 

The Dillon criteria also recommended that: 

(a) PCBs should not be stored within one kilometer of a food processing 
plant on the basis that PCBs excaping in a fire would contaminate 
such food. Yet there is such a plant located virtually immediately 
north of St. Lawrence Cement; 

(b) There should be no storage within one kilometer of a large lake which 
could be used as a potable water supply. In fact Lake Ontario is 
within one kilometer of St. Lawrence Cement and in fact there are 
two water treatment plants serving the City drawing water from 

Lake Ontario in close proximity to St. Lawrence Cement; 

(c) Such a storage site should not be located in an area of environmental 
hazard, for example, in a floodplain or where there is a permanent 
water course directly through the site. In fact there is a water 
course running directly through the St. Lawrence Cement site, which 
the Ministry of the Environment was unaware of previous to this 
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information being given to it by the City during the course of a Court case 

between the City and the Ministry. And in a preliminary study prepared 

by consulting engineers for the Credit Valley Conservation Authority there 

is indication that widespread flooding could occur all around the 

St. Lawrence Cement plant in a one in twenty-five year storm. Again, the MOE 
had been unaware of this; 
(d) Dillon also put forward criteria that would prevent a storage site 

being chosen if the soil conditions were such as to indicate that 

PCBs if spilled or leaked on the ground would quickly percolate 

through the soil. In fact the Tricil Company property immediately 

to the east of St, Lawrence Cement was considered by the Ministry 

consultants as a PCB storage site and for reasons that the Tricil 

site was sandy and therefore " not suited to contain spills" 

the Tricil site was rejected on that basis. Yet the Ministry made 

no studies of the soil under St. Lawrence Cement neither before doing 

the initial test burns or to date. Given the proximity of the Tricil 

plant to the present location intended for storage of PCBs it would 

be prudent, in the absence of a specific soil study, to conclude that 

there is a probable risk of sand being located under St. Lawrence 

Cement and that accordingly it also is not a suitable location 

technically for the storage of PCBs. Yet no such study has yet been 

done;and there have been spills of PCBs onto the ground at St. Lawrence 

Cement when previous PCB burning and storage took place at that plant. 

These spills sufficiently contaminated the soils as to necessitate 

removal and replacement of such soils; 
Other facts which emerged only after Mississauga learned of and objected to the 
planned burning include: 

(e) That in the only air sampling that has taken place in the Mississauga area 
when PCBs of the concentrations to be stored <\nd burned during the test burn 
(or later burned if approved as a permanent WAste disposal facility) 
extremely high readings of_PCg.s in air wcr^ n>^asured close 



to the plant boundaries. These are well beyond the Ministry of the 
Environment's guidelines for safe levels of PCBs in the air. These 
high readings were attributed to handling and storage of PCBs (as 
opposed to emissions as a result of burning); 

(f) For many years St. Lawrence Cement has been illegally polluting in 
terms of dust and particulate matter from its cement manufacturing 
activities. The Ministry had to order St. Lawrence Cement to clean 

up its emissions and as of January, 1980, there appeared to be matters 
yet uncompleted. Burning of PCB wastes, according to Federal Department 
of the Environment studies, would significantly increase the amount of 
dust produced in the cement manufacturing process; 

(g) Obviously, neither the Ministry nor St. Lawrence Cement had conducted an 
environmental or social impact study in regard to these or other 
public hazards, environmental, planning and social considerations 

and conflicts that would be associated with storing PCBs at St. 
Lawrence Cement prior to the previous test burns being conducted. 
Further, no such studies were conducted prior to the Ministry advocating 
the disposal of all Ontario PCBs at St. Lawrence Cement. 

With that list in mind one can hardly wonder as to the reasons 
that motivated the City of Mississauga to pass By-laws that would restrict 
the burning of PCBs in that City. Certainly there were reasonable grounds 
for the City to have fear and mistrust in the technical and social judgements 
(to the extent these were made at all) of the Ministry of the Environment 
in advocating the burning of PCBs given these many considerations. 
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Indeed what emerges from all of the three examples is a clear 
pattern justifying the Ontario public's refusal to accept the Ministry's 

proposition that the technology of hazardous waste destruction and the 
site selections made or endorsed by the Ministry of the Environment are 
adequate and safe. 

The Ministry, while taking commendable initiatives in promoting 
technological initiatives has, in its haste to see such initiatives undertaken, 
failed to rigorously examine such proposals to ensure that they are not just 
expedient but are technically sound and that they are based on reasonable 
criteria such that the location proposed would be as safe as can 
reasonably be attained. 

The Ministry of the Environment and the Federal Department of 
the Environment (to the extent the Federal Department of the Environment 
has allowed itself to be seen to be endorsing proposals supported by the 
Ministry) have lost the key factor which is fundamental to the public 
becoming positively involved in a process that may lead to the acceptable 
siting of a hazardous waste facility. That factor is the credibility of 
the sponsoring agency. The Ministry is perceived, and rightfully given 
such examples, as willing to endorse facilities without the proper internal 
scrutiny. Further, and even worse for MOE credibility and trustworthiness, 
is the fact that while a "public hearing" will be held to allow the public 
to ask questions, the hearing process is completely one-sided. Given such 
a one-sided process the public again is entirely skeptical that their concerns 
can ever be adequately addressed. The one-sidedness stems from the following: 
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(a) The proposal that comes before a hearing of the Environmental Assessment 
Board does so only after having been initially scrutinized (or 
supposedly scrutinized) by the Ministry. This indicates to the public 
that the Ministry has already internally approved a given proposal when 
the hearing is called; 

(b) The proponent can expect, under the policy of the present Minister, 
that its hearing costs, with regard to preparation of engineering and 
technical witnesses and legal fees, will be underwritten by the Ministry 
of the Environment; 

(c) The proponent can expect that the Ministry will have its experts attend 
at the hearing to testify in favour of the proposal; 

(d) The public, on the other hand, can expect no money to consult experts 
or retain legal advice. 

Hearings over hazardous waste disposal facilities have lasted 
50 to 80 days, they generate hundreds of exhibits, thousands of pages of 
transcripts and proponents can easily spend $200,000,00 - $1,000,000.00 in 
preparing for and presenting their case. Given these conditions, such 
hearings are truly a modern version of Lions vs. Christians. 
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(The fact that the Environmental Assessment Board can on its 

own call witnesses or call ones requested by citizens is no answer to this 

problem. No party would call as a witness someone who has not had an 

opportunity to review the technical proposal, who has not examined the 

site and who has not had an opportunity to discuss their views in advance 

of testifying, with the party for whom they would testify. Only if the 

Environmental Assessment Board would pay such preparation costs 
even if the expert never testified would the.EAB's . 

ability to call such witnesses be useful to citizens.) 

Bascially, the Ministry of the Environment suffers from severe 
schizophrenia. On the one hand it wishes the public to believe that it, as an 
expert agency, knows what is best and that therefore the public should accept the 
fact that when it says technological fixes are appropriate in a given location that 

they indeed are. Yet on the other hand the Ministry has been on repeated 
occasions, as the examples discussed above indicate, a wholly partisan 
advocate of woefully inadequate technological fixes. 

Perhaps the Ministry should really "come clean". Perhaps it 
is time for the Ministry to frankly admit that its real philosophy is that 
contained in the "we know best" approach indicated by the Minister in last 
years address. If it admitted that it was a partisan advocate it could 
stop pretending that it wished to have public acceptance of such facilities. 
The Ministry could then simply impose by law such facilities without hearings 
and remove through further Legislation any public right to sue or prevent 
such facilities from being sited or operated. Facilities could then be 
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established quickly and wherever and whenever needed according to the views 
of the Ministry. This would at least be an honest approach. 

However if this alternative is politically unacceptable (and 
I do hope it is) then this means the Ministry's approach to the whole 
question of the establishment of hazardous waste facilities must be 
fundamentally altered. 

It must be altered in a way which returns credibility to the 
Ministry of the Environment so the public will participate and assist in 
a program designed to solve the problems of hazardous waste disposal. 

Can this be done? 

In the summer of 1979 I had the fortunate experience of 
participating in a three-day workshop in Michigan sponsored in part by 
the American Environmental Protection Agency with regard to involving 
the public under a U.S. Federal Resource Conservation & Recovery Act 
Program. The seminar brought together, at agency expense, leaders of 
public interest groups, environmental groups, citizens who had been 
involved in fighting waste disposal sites, politicians and government 
administrators to discuss the problems of hazardous waste management. 

What emerged after the three-day program was a consensus wherein 
these community leaders were going to leave the conference willing to convince 
their memberships that the problem of hazardous waste had to be addressed 
and no longer could these groups or any citizen afford to articulate the 
"not in my backyard" syndrome. 
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How was this remarkable attitudinal position reached? 
I believe it was reached through convincing the citizen representatives 
that there were sound technical solutions to the waste disposal problems 
in many cases, but more than this, that citizens were acknowledged to have 
a fundamental role in promoting the development of such facilities on 
certain terms. 

How can such citizen co-operation be achieved in Ontario? 
How can we avoid lawsuits and effectively deal with the "not in my backyard" 
syndrome? Let me put forward my own Seven Point Program: 
1. In order to attempt a consensus for the acceptance of a waste facility 
it is important not to impose, in the first place, a decision that there 
must be a facility located at a certain spot. Rather one must try to 
put forward a program whereby leaders of the community (not just those 
elected persons but citizen group leaders, ratepayers etc. and 
environmental groups in particular) are brought together in order to 
ascertain, as a result of unbiased information, that there is a problem 
to be solved and also to indicate that those persons will be given a 
full opportunity to participate in the solution. It is my considered 
belief that if an environmentally conscious leadership in any given 
community ascertains that there is a problem I believe they will be 
the first ones to try and assist in coming up with a solution. However, 
the Province or the initiating agency or private industry must not publicly 
suggest that a given facility is needed in a given location. Rather the 
approach would be for the government to indicate that as a result of 
studies it would seem that certain facilities are needed in certain 
general areas and then invite the citizens in these general areas to 
participate in a program to determine where in that area or region 
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particular facilities might be located, if such facilities are 
technically sound. As part of this stage, there should be 
public hearings on the technical processes - unlinked to specific 
locations, and monies given to enable scrutiny of such processes to 
citizens who would participate in such hearings. 

2. The public in a given locality must be made aware that their general area is 
not being singled out. Information about the extent of generation 

in given areas must be made available and no one area made to feel 
that it is likely to become the dumping ground for all of Ontario 
hazardous waste or indeed a major portion of it. The Ministry must 
have a Province-wide plan for hazardous waste siting and many areas 
should share the burden. Public opposition rises when citizens do not 
perceive the proposal as solving a problem caused by their area. They 
feel no need to solve a problem they did not create. A Province-wide 
plan would overcome some of this type of reaction. 

3. At the same time that these initiatives are taking place the government 
must be willing to take initiatives to cause citizens to understand that 
the government will not stand idly by but will take concrete measures 

to ensure that wastes will not continue to be generated in future as they 
have been in the past and that new industries which generate liquid 
or hazardous wastes must develop means of disposing of these wastes 
on-site or on a co-operative basis. Similarly the government might 
indicate that it is going to make the generator of wastes legally co- 
responsible with the disposer for many off-site impacts, so that 
responsibility becomes clearer in law. (Much has already been achieved 
in Ontario in this area under the so-called "Spills Bill" Amendment to 

the Environmental Protection Act enacted in 1980. 
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4. The concept must be fostered as basic to waste management strategy 
that the government neither wins nor loses if it does not achieve the 
construction of a given facility in a given area, as there may be sound 
technical or social reasons why a given area is not a proper place. 
Indeed the Ministry of the Environment must become disassociated with 
the advocacy of a particular facility at a particular location. If 
the public can perceive that the Ministry is not about to ram a 
specific facility down their throats in a specific location but rather 
that there are options open and that the Environmental Assessment Board 
is free to listen to facts and arguments as to whether or not a given 
site is really a safe site and that given technology is safe or not 
then I believe the Ministry will be in a much more credible position 

to achieve the implementation of an industrial waste management program. 
Adoption of this concept - that the government neither wins nor 
loses if it does not achieve the construction of a given facility at a given 
location - must be the first order of business if the Ministry is 
going to achieve public credibility. 

5. Funding must be made available to at least a coalition representing all 
those who would participate in hearings into the establishment of a given 
facility in each of the proposed locations where such a facility would be 
located. The cost of providing funds to groups is not that great. 
$15,000 to $25,000 would not be a substantial amount in contrast to the 
amount spent by proponents and paid for by the Provincial Government. 
Certainly this level of funding would represent a marked improvement 

on the present situation of citizens groups; it would allow them to 
consult experts independent of the government and of the proponent and 
to enable them to perhaps even come to the realization that the technical 

aspects of the matter are not really as grave as they first feared. In 
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any event the monies could be used to allow the citizens to help 

/ 
present their case. The monies given to the group in this process 

could later be recovered in part or in total by fees to be charged 

industries who use such sites. 

6. Compensation must be a possibility for property owners in the vicinity 
of a facility who can demonstrate some depreciation of property value 
or other interference with their life style that will be associated 
with the use of the facility regardless of any direct pollution. 

7. The Ministry must use personnel to represent it who are sensitive to 
the public's needs and concerns and who can demonstrate that the 
Ministry wishes to involve the public in the decision-making process 

at a stage when such input can be useful. The past "public participation 
programs" consisting of displays and having technical representatives of 
the proponent answer questions a month before a hearing starts (as 
happened both for Mississauga and Ajax) is hardly a public participation 
program - it's more like a public indoctrination program. 

Lawyers and other officials appearing for the Ministry must be less 
advocates for the proponent and more concerned about and advocates for 
the public interest, recognizing that a particular application may 
indeed have defects or even arguing against a facility in a particular 
location. 
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Conclusion 

Only if the public feels it can trust the technical information 
and credibility of the Ministry of the Environment and that the Ministry 
truly wishes the public to participate in a meaningful way will we be able 
to stop lawsuits and reverse to a large extent the "not in my backyard" 
syndrome. 

Past mistakes and past hard-line utterances made by spokespersons 
on both sides of this issue must be put aside as the problem to be solved 
is just so great as to not allow the Ministry, the Minister, or 
indeed any spokesman for the "public interest" to think that any one of 
them has the "full truth". A co-operative attitude must be struck. 
I hope those ideas I have indicated in this address will form some 
foundation for that co-operation to be achieved as between the public 
and the government. 
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THE POLITICAL REALITIES OF ENVIR0N?1ENTAL DECISION- 
MAKING IN THE BO'S 

by 
The Honourable"' Harry C. Parrott, D.D.S. 

Ontario Minister of the Environment 

Two major and pressing priorities in the 1980' s involve the phenomenon 
commonly called acid rain and the disposal of liquid industrial waste. 
Both are, by their very nature, highly politicized. 

Acid rain is a global problem. In Ontario, watercourses are being 
polluted mainly from sources beyond Ontario's control — mainly in 
the northeastern United States. 

Ontario's policy is to press Canadian federal authorities to negotiate 
an effective international abatement agreement with the United States. 
At the same time, this Province fully accepts its own responsibility 
to minimize contributions to acid rain emanating from Ontario sources. 

The Ministry of the Environment is under almost constant attack from 
environmental groups, Opposition members of the Legislature, and 
certain elements of the news media. Thus, progress is impaired by an 
adversarial atmosphere. 

Similarly, immense problems in the control of liquid industrial waste 
are being confronted amid a growing chorus of emotion-charged crit- 
icism. 

Ontario's policy is that every proposal for disposing of such waste 
be subject to full and free public discussion. This is necessary, 
but it tends to delay solutions to urgent problems. 



Note : Dr. Parrott spoke from notes and did not have a formal text 
that could be incorporated in these Proceedings. 
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AN INTRODUCTION TO THE TOPIC OF ACID RAIN 



E, Pichp 

Co-ordinator for the Acidic 
Precipitation in Ontario Study 
& Sudbury Environmental Study, 
Ontario Ministry of the Environment 



This presentation will outline the evolution of the 
Ontario Government's concern with the acidification of 
precipitation phenomenon with specific mention of key 
turning points from both scientific and political view 
points. In addition the comprehensive and totally 
integrated Ontario program will be reviewed. 



Note : Mr. Piche spoke to a slide presentation from 

notes and personal experience. The bulk of his 
presentation is contained in a new publication 
"The Case Against the Rain" which is soon to be 
released by Environment Ontario- There was no 
formal text of this paper to be included in 
these Proceedings. 
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THE ECONOMIC IMPLICATIONS OF ACID PRECIPITATION 

1, INTRODUCTION - A DILEMMA 

Acid precipitation presents society with a dilenuna. On 
the one hand, "acid rain" is acknowledged by the Canadian 
Federal Government as "one of the most serious environmental 
problems facing us today" (Environment Canada, 1980). The 
United States government has expressed similar sentiments 
(USEPA 1979) According to another author, "acid rain is so 
deadly that many observers have dubbed it the environmental 
crisis of the decade" (Weller, 1980) . Some authorities warn 
that if government and pollution sources do not initiate mas- 
sive abatement and rehabilitation programs soon, the ultimate 
destruction of aquatic life in lakes and streams and the 
adverse effects on terrestrial ecosystems could be both ext- 
ensive and irreversible (United States-Canada Research 
Consultation Group, Oct. 1979) . 

On the other hand, sulphur dioxide (SO ) and nitrogen 
oxides (NO ) abatement programs will likely impose substantial 
cost burdens on governments, the electric power industry, 
and on firms in the private sector which are the sources of 
these pollutants. For example, the United States Council on 
Environmental Quality estimates that power utilities alone 
will have to spend more than $11 billion per year by 1987 to 
achieve U.S. federal emission standards (U. S. Council on 
Environmental Quality, 1979, p. 666). Here in Canada, care- 
ful estimates of the costs of 50^ containment by the electric 
power industry have not been published although abatement 
programs for the Inco facility in Sudbury are expected to 
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cost upwards of $400 million in capital expenditure (Envi- 
ronnent Canada, May 19 80) . 

The issue is a dilemma because the substantial amounts 
of public and private resources that will be required to 
investigate and resolve acid precipitation problems will have 
to be taken from some other purposes. Provincial and federal 
governments will have less money and man-power to devote to 
other environmental problems unless taxes are raised to pay 
for these and other worthy social programs. Investment funds 
that will have to be spent by firms in the private sector 
for air pollution abatement will have to be taken from other 
uses that are perceived by the firms and their owners to be 
more profitable. 

All of this means that, in the present period of 
economic recession, both government and business are being 
asked to do more with less. Choices must therefore be made 
about how much money and man-power ought to be devoted to 
acid precipitation as well as to other worthy environmental 
and social problems. This is clearly an economic problem 
and the application of economic principles can help to de- 
tenrdne a socially desirable level of expenditure and effort 
to be directed at acid precipitation and other environmental 
problems. Furthermore, an understanding of the economic 
dimensions of the acid precipitation problem is essential to 
the development of policies and programs that will resolve 
these concerns in an effective, efficient and equitable manner- 

Consequently, the primary objectives of this paper are: 

(a) to define the econcmic implications and consequences 
of acid precipitation, its effects and efforts to 
curtail it. 
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(b) to indicate what is presently known about these 
implications and consequences in a theoretical 
and a practical sense. 

(c) to describe how we intend to expand our understanding 
and knowledge of these questions. 

In the course of accomplishing these objectives, we 

shall distinguish between some of the real and the imagined 

economic consequences of pollution control costs and regulation. 

Finally, we offer some comments and suggestions concerning 

policies which we believe will help to initiate niore effective 

and timely emission controls and/ at the same time, provide 

funding for needed rehabilitation programs. 
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2. THE SOCIO-ECONOMIC DIMENSIONS OF ACID PRECIPITATION 

Acid precipitation is a result of the following sequence 
of circumstances: 

(a) Sulphur dioxide (S0_) and nitrogen oxides (NO ), 
which are the waste products of fossil fuel combustion 
and the smelting of certain base metal ores, are 
discharged into the atmosphere. (1) 

(b) These contaminants . are transported hundreds of 
kilometers by weather systems. 

(c) Pollutants undergo photochemical conversion to 
acidic compounds in the atmosphere during long range 
transport. 

(d) Acidic compounds are deposited as constituents of 
rain and/or snow and as dry particulate matter. 

The rate at which these acid compounds are being deposited 

with snow, rain storms or dry fallout has been associated with 

the following environmental and ecological effects: 

(a) Acidification of lakes and streams with low buffering 
or neutralization capacities. 

(b) Increased levels of dissolved heavy metals in these 
acidified waters. 

(c) The disappearance of fish populations from 
affected waters due to direct toxicity, increased 
stresses, interference with reproduction or destruct- 
ion of aquatic vegetation. 

(d) Decreased visibility associated with increased 
sulphate levels derived from S0_ emissions. 

The following environmental and ecological effects 

are not well documented but are of concern: 

(a) Damages to forests and agricultural systems. 

(b) Increased risks to human health through the 
ingestion of dissolved heavy metals. 

(c) Increased risks to human health from the air- 
borne contaminants (eg. sulphates, oxides of 
nitrogen, etc.) which are associated with acid 
precipitation. 

(d) Corrosion of structures and property. 

A major question concerning acid precipitation which faces 
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environmental agencies across North America is the determination 

of socially desirable levels of S0„ and NO emission controls 

z X 

and ecosystem rehabilitation efforts to resolve acid precipitation 
problems. There is, of course, no single answer to this 
question. The resolution of these problems will involve a 
long process of making decisions under conditions of uncertainty, 
the integration and evaluation of massive amounts of divergent 
information and the movement toward objectives in a series of 
iterative starts and stops rather than a smooth jump to the 
ultimate goal. Economic principles are particularly helpful 
in providing an integrative freimework and in organizing one's 
thinking under these circumstances. In the following paragraphs, 
several ways of setting objectives relevant to this issue will 
be cited and critiqued. The use of economic principles in 
setting of these objectives will then bo described. 

Ambient air quality objectives (ie. the concentration of 
contaminants in the air at "point of impingement") are established 
by environmental agencies at levels which current knowledge and 
information indicates to have no discernable adverse effects 
on soil, water, vegetation, materials, animals, visibility, 
personal comfort and human well-being (Envir'onmont Canada, January 
1980}. Allowable emissions are calculated to achieve these 
ambient air quality objectives under specific weather and 
location conditions. Dispersion rather than containjnont or ■ 
removal has been the dominant air pollution control method 
since: it generally was the least-cost means of achieving 
the objectives. Moreovo]", ambient air quality problems were 
iii.iJMl.y trun! incd to tlu^ vicinity of thf polluLion source;".. 
Tiie concentrations oi most air pollutants are well below the 
objectives in rural areas. 
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Under this air quality management approach, total 
loadings of pollutants to the atmosphere are not a relevant 
problem. It now appears that rc<3uctions in acid deposition 
will require emission reductions greater than that required 
to comply with ambient air quality objectives, A great deal 
of research is currently underway to better understand 
atmospheric transport and chemical conversion processes, 
acidic deposition rates and the environmental and physical 
damages caused by acid precipitation. It is hoped that these 
investigations will indicate how much emissions should be 
reduced in order to curtail acid deposition enough to stop 
the adverse environmental effects. If these "thresholds" can 
be determined, then one need only set emission standards and 
require all sources to meet them. However, the determination 
of these thresholds is proving to be an extremely time-consuming 
■.and information intensive task. Most importantly, this 
approach ignores the costs of achieving the objectives and 
does not facilitate the identification and evaluation of any 
environmental-economic trade-offs that might be necessary. 

Similarly, studies are being initiated to determine the 

consequences and the appropriate methods of lake 

neutralization with lime. There are also other "defensive" 

and rehabilitative actions that could be employed whether or 

not abatement efforts are undertaken. However, each of these 

methods can be implemented to varying degrees of effort and 

costs. The determination of physical thresholds, while a 
necessary task, does not provide a decision criterion. 

Another approach for setting emission objectives is to 

base them on . the costs of control. Abatement costs for 
different levels of control can be determined, and the 
emission objectives set on the basis of what the sources 
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can be expected to afford or be willing to 

invest in abatement programs. Even if one could judge what 
a polluter could afford, this criterion for setting 
abatement or emission objectives does not ensure that the 
damages caused by the pollutants will be sufficiently 
reduced. ^ 

Finally, there may be those who advocate total 
elimination of pollution and acid deposition at any cost. 
This policy is technically feasible in that all polluting 
sources could be shut down. However, the social and economic 
costs of this objective would likely be untenable. 

All of these criteria or bases for setting objectives 
for emisions or levels of effort are deficient in that 
they do not consider explicitly all of the relevant economic 
dimensions including the adverse (and beneficial) effects of 
pollutants, the costs of their control or of rehabilit- 
ation efforts and the preferences of people and the groups 
who make up society. Economic principles provide 
analytical , tools to explicitly consider each of these 
important features as well as a decision criterion with 
which to choose defensible objectives. 

The tool is benefit-cost analysis and the criterion is 

eco nomi.c efficiency . An objective of the efficiency 

criterion is to ensure that all of society's resources, 

public and pri^/ate^ are utilized productively and that 

co^ts to tho public, to firms and to individuals are 

minimised. 
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Using the efficiency criterion, the appropriate level 
of pollution abatement and rehabilitation effort is the 
level at which the extra social and private benefits of 
pollution controls and/or rehabilitation activities are 
equal to or greater than the extra costs of these programs. 
Consequently, in order, to find the most economically 
efficient level of pollution abatement and environmental 
protection effort from society's point of view, the 
magnitude of the benefits associated with varying degrees 
of emission reductions and rehabilitation efforts must be 
determined and compared with the costs of these 
endeavours. 

Consequently, three additional economic dimensions of 
acid precipitation must be identified and enumerated. The 
first is the value people place on the various effects and 
damages caused by the pollution phenomenon. The adverse 
effects and damages that are reduced or avoided by the 
implementation of abatement or remedial measures constitute 
the benefits of such efforts. One important character- 
istic of environmental damages and of the benefits of 
pollution control are that they have attributes of Public 
Goods (2) . This means that people cannot easily be excluded 
from the effects of pollution or the benefits of its control 
Consequently, parties that cause external pollution effects 
take little or no notice of them in making decisions since 
they are not penalized for causing them or remunerated for 
curtailing them. Thus too much pollution is generated and 
too little pollution control is achieved without government 
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intervention. 

A second characteristic of environmental pollution is that 
it impinges upon resources and activities that are not 
generally bought and sold in markets. These would include 
sport fishing and other recreational pursuits as well as 
visibility and other aesthetic qualities. Consequently, there 
are no market prices associated with these effects with which 
to estimate their relative value and market significance. 
The methods and problems of estimating the benefits of S0„ 
abatement and ecosystem rehabilitation programs will be 
addressed in the subsequent Section. 

A second important economic dimension concerns the costs 
that must be incurred to achieve emission controls and 
ecosystem rehabilitation. The costs of these efforts are 
the value of the benefits that could be realized by using 
the resources that have been devoted to pollution control and 
rehabilitation for other endeavors. These "opportunity" costs 
are generally estimated using the prices of abatement equipment, 
labour and raw materials, but may also incl-yJe the value of 
production that may have to bo foregone to achieve emission 
objectives. (3) 

One often finds single-valued estimates of the "costs of 
pollution control" cited in the media {and at the beginning of 
this paper) . These types of cost estimates are useless for 
policy analysis and decision-making, .\batement costs vary 
substantially from one source to another. Moreover, at a 
particular establishment, there are invariably a number of 
pollution control options and alternatives which can be applied 
in varying configurations to achieve a wide range of emissions 
at different costs. 
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In addition, it is the marginal costs or the 
incremental costs of achieving successively greater levels 
of abatement, rather than total costs, that are most 
relevant for policy analysis. Consequently, in order to 
make useful comparisons and policy evaluations, the 
estimation of "abatement cost functions" or "performance 
functions" is essential. Abatement cost functions are 
schedules showing the total or the extra costs of acheiving 

increasingly higher levels of pollution control. These 
data can then be used to compare with incremental benefit 
data and to assess the impacts on sources. 

A third economic dimension concerning acid 
precipitation is the incidence or distribution of the 
pollution damages £mu the costs of abatement and rehabilitation. 
Information about the distribution ol pollution effects is 
important to assess the equity aspects of the problem. 
Consideration of the distribution of control costs is also 
essential to an understanding of the economic Incentive 
structures facing relevant sectors of society, particularly 
those responsible for NOjj and SO2 * This 
information will assist regulatory authorities in 
predicting whether polluters will resist compliance with 
abatement orders and it will help these authorities to 
design policies that can more effectively induce polluters 
to implement controls. 



To reiterate, it is noted that a firm endeavours 
to allocate its money and manpower in a manner that will 
maximize the net value of its product, i.e., its profits. 
By the same token, society's resources should be allocated 
to uses that will yield a configuration of output that 
will be of maximum net value to society as a whole. In other 
words, all sectors of society, government, business and 
individuals should be attempting to be getting the "best bang 
for their buck". This is essentially what is meant by economic 
efficiency. However, one can determine whether a policy or a 
course of action is efficient only by comparing, in one way 
or another, the relevant benefits with the costs. 

Ideally then, the environmental benefits derived 
from achieving an environmental improvement should be valued 
by society equal to or greater than the costs of the 
goods and services that are given up by society to achieve 
them. If money and effort must be spent by government or 
industry to reduce SO emissions or to offset the effects 
of acid precipitation, other activities such as 
investment in new plants, research on hazardous chemicals 
or the upgrading of sewage treatment plants may have to 
be foregone. It is legit ima to i therefore, to ask whether 
the benefits of reducing or eliminating acid precipitation 

are worth more to society than the benefits obtained by 
using the money and effox-t for some other purpose. 



In order to achieve an efficient level of 

abatement and rehabilitative effort, these activities 
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should be carried • to the point at which the extra 
benefits are equal to the extra costs. Stated another 
way, an efficient allocation of resources is achieved 
when those who benefit from the improvement could 
potentially compensate all those who incur costs to 
achieve the improvement. ■ 

Distributional equity is achieved when all those 
who sustain losses from a change in environmental quality 
are in fact compensated. ,iiowever, one can be efficient 
without being fair. A firm which pollutes the environment 
may generate benefits to individuals and to society at 
large which exceed the value of the damages it does to 
the public, to individuals or to other firms, but no 
compensation actually takes place. Likewise, it would 
be socially efficient for Inco, Ontario Hydro and U.S. 
power utilities to spend millions on SO emission abatement 
if the value of the public and private benefits achieved 
were greater than the costs of controls even though those firms 
receive no compensation or remuneration for the abatement. 

Questions of efficiency and equity are separate 
and independent. Economists agree that problems and 
policies should at least be efficient but decisions about 
redistribution and compensation to achieve distributional 
equity involve subjective value judgements and are 
properly made in the context of public debate and 
representative votesor referenda. 
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While cost estimates are generally easier to obtain or 
generate than information about the benefits of environmental 
improvements, knowledge of the shape and the magnitudes of 
the relevant benefit functions are essential to the establishment 
of rational objectives and the development of effective 
policies. (4) Without some idea about how benefits change as 
environmental quality changes, there is a potential for 
substantial error. As illustrated in Figure 1, the marginal 
abatement cost function indicates that the extra costs of 
controls and rehabilitation increase as emission loadings 
decline. Given uncertainties and lack of information about 
the effects of acid precipitation, three basically different 
relationships between the pollution loadings and the damages 
they cause can be postulated. As we have already noted, the 
benefits of a control program are the reduction in or the 
avoidance of damages from pollution. 

Curve A implies that damages are not reduced in proportion 
to emissions. This reflects the problem of reducing pollution 
sources only in Ontario if most of the acid deposition originated 
outside the province. Curve B postulates that changes in marginal 
damages are directly proportional to emission changes. Curve 
C indicates that there is a threshold effect. At a given level 
of emissions, damages fall to a low.. level and do not change 
even if omissions and deposition are reduced further. 

The optimal emission levels for each damage function are 

noted as Q , Q and Q^ . If Q is chosen as the emission objective 
A B C B 

but curve c is the correct representation of the damages, society 
will have wasted C - C in abatement costs. While it is un- 
likely that we shall ever be able to determine the optimal level 
of pollution control with such precision, it is clear that 
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data on damages and benefits are useful for decision-making. 

In addition to providing decision criteria, economic 
principles are useful in a number of other wayr.. For 
example, they provide a framework for evaluating new 
and existing policies and programs. Benefit-cost analyses 
force those concerned to explicitly identify and, where 
possible, enumerate the beneficial and the adverse 
consequences of different courses of action. Both 
qualitative and quantitative comparisons of altc;rnatives 
can be made and assumptions, as well as value judgements, 
are made explicit for review and comment. 

Science and engineering have ansv/ered many questions 
about how and where pollution occurs, what the effects 
are and how environmental contaminants can be safely 
treated and disposed. Economic principles, however, help 
to explain why pollution and other environmental problems 
occur and to provide a sound rationale for government 
intervention to protect the environment. 

Waste production and external effects are an inevitable 
consequence of human activity. Whereas the market economy 
does an effective job of allocating productive resources 
as well as goods and services efficiently throughout the 
economy, it fails to prevent excessive waste production, 
widespread and subtle pollution damages and serious 
resource use conflicts. The atmosphere and. to a lesser 
but important extent, surface waters are common property 
resources and are free to any one on a first- come first- 
served basis. As long as individuals can discharge waste 
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products (whether or not these discharges are regulated 
in quantity or quality) into the environment free of charge 
and as long as polluters do not bear all of the external 
costs imposed on others by their activities, the economic 
incentives established in the market system will favor 
pollution over abatement. It falls to the government, 
therefore, to initiate activities intended to stop existing 
pollution and to protect society from future environmental 
disruptions. This role is now widely accepted and not 
even the most rabid "deregulator" would advocate a 
complete abandonment of this function. 

Finally, information about the economic dimensions 
of acid precipitation help to put this issue in perspective 
with other pollution problems. It is difficult for most 
people to compare the physical effects 
of acid precipitation with those of hazardous waste 
disposal or sewage treatment effluents. For example, 
tons of acid wastes being dumped in landfills are 
qualitatively different from tons of acidic compounds 
that fall from the skies. Howevei",if the value of 
damages were known, few people could fail to comprehend 
and evaluate the dollar value of the damages caused by 
each pollutant or the value of the costs of reducing 
these damages. 

The next two sections will discuss some of the things 
that we kno^^f about the bene tits and the costs of resolving 
acid precipitation problems. Efforts that are being made to 
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develop more empirical data and information about the 
benefits and the costs of resolving this phenomenon 
will also be described. 

ASSESSING THE BENEFITS OF ENVIRONIJENTAL IMPROVEMENT 

The " literature on the estimation of environmental 
benefits has grown over the past five years. Freeman 
(1979) and Maler and Wyzga (1976) in particular provide 
the most comprehensive and complete works to date about 
the theoretical basis for estimating the economic value 
of environmental damages and the benefits of environmental 
improvement. Moreover, the importance of developing 
empirical estimates of the benefits of environmental 
protection and pollution abatement is growing for the 
following reasons. 

Over the past two decades a great deal of money and 
effort has been expended on environmental protection. Con- 
sequently, more quantitative information about benefits 
is required in some cases to justify further abatement and 
in order to allocate resources and manpower. Environmental 
assessments require increasingly more explicit information 
about environmental damages and the benefits improvements .( 5) 

When investments are made to achieve pollution 
abatement or environmental protection by individuals, 
a firm or by the government, two types of beneficial 
consequences may be produced. 

- lis - 



Private benefits are the reduced costs, increased 
revenues or greater efficiencies that accrue to the 
party that undertakes the improvement and bears the 
cost. Private benefits of a pollution control expenditure 
are gGnerally accounted for by subtracting the extra 
revenues or the lower costs from the costs of the 
environmental control measure. 

Public benefits are the reduction in the physical 
damages and effects that impinge on parties unconnected 
with the polluter, including society as a whole, and 
that are attributable to the environmental improvement 
effort. These benefits are further characterized by 
the fact that firms and individuals who produce public 
benefits generally cannot capture any remuneration 
because people cannot be excluded from enjoying them. 

The generation of private benefits from environmental 
investments are more substantial than one might expect. 
Spokespersons from business and government alike have 
been quick to dismiss pollution control expenditures 
as "non-productive", "uneconomic" or yielding significantly 
lower rates of return than firms require of investments. 
Moreover, some critics allege that environmental assessment 
requirements will delay certain industrial developments, 
particularly in the mining sector. There is, however, 
growing evidence that pollution abatement programs are pro- 
ducing substantial private benefits and that envii'onmental 
assessment can save companies millions of dollars. 
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Royston (1979) has documented numerous examples 
where pollution abatement efforts have yielded cost 
savings or profitable by-product recovery. Although 
we know of no systematic work done in Canada to document 
the degree to which pollution abatement expenditures 
produce private benefits, Loucks, Perkowski and Bowie (1979) 
have described eight large energy related developments 
that sustained losses because environmental planning 
and impact assessments were either not undertaken or 
not heeded. 

The value that people and society place on these 
private benefits is expressed by the market prices of 
the resources that are saved or the by-products that 
are recovered and sold. Values of the public benefits 
are more problematic and difficult to estimate because 
some of the effects involve activities and environmental 
resources that are unowned and for which no market prices 
have been generated. Nevertheless, authorities agree 
that, assuming people have knowledge about environmental 
effects, the measure of the value that society places on 
reducing the adverse effects of pollution is the sum of 
the amounts that individuals would be willing to pay 
to achieve the improvement. Alternatively, the total 
amount that people would require in compensate "^^ to 
voluntarily accept these effects is consiaered, in theory, to be a 

measure of the benefit of an environmental improvement. 
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The benefits that result from reducing acid precipitation 
or from mitigating its effects are the consequence of three 
sets of presumed functional relationships. First, changes in 
the rate of SO^ and NO emissions lead to changes in the 
deposition rate of acidic compounds in rain, snow and as 
particulates. Second, changes in the rate of acid deposition 
lead to changes in the quantity and quality of environmental 
goods and services that people use. Finally, changes in these 
environmental services lead to changes in the economic and 
social welfare as well as the benefits of pollution control 
efforts. 

Consequently, the first step in estimating the benefits 
of resolving acid precipitation problems is the identification 
and enumeration, in appropriate units of measurement, of the 
physical effects of pollution. The physical effects or 
environmental damages relevant to acid precipitation include 
one or more of the following: 

(a) Effects of human health. 

(b) Materials damages and soiling. 

(c) Changes in .the productivity of ecological systems 

- agriculture 
~ forestry 

- commercial fisheries 

(d) Changes in recreational opportunities 

- fishing 

- hunting 

- swimming 

(e) Changes in visibility 

(fj Changes in research opportunities and the legacy 
to future generations. 

Determination of these physical effects is the objective of 
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the extensive limnological, meteorological and biological 
investigations being carried out by the Ontario and the 
federal governments. 

Next, the economic values of these effects must be estimated, 
In theory, these values are expressed as the amount individuals 
would be willing to pay to preserve and regain environmental 
features or would require in compensation to sustain losses. 
Empirical estimates of these values can be made using different 
methodologies depending on the kinds of effects that occur. 
For purposes of estimating the economic values of environmental 
damages, two broad types of values are noted: 

- Financial Values 

- Amenity Values 

The financial value of an improvement in environmental 
quality may be determined by estimating the amounts of physical 
damages to goods and services that are bought and sold in markets. 
Next, these quantities are multiplied by the appropriate market 
prices to obtain the total value of such damages. With respect 
to acid precipitation, financial values may be relevant for: 

(a) changes int the damage to or repair of buildings and 
structures. 

(b) changes in the productivity of forests and agricultural 
systems. 

(c) changes in the production of commercial fisheries. 

(d) changes in incomes of businesses and individuals 
that service tourism and recreational activities. 

Amenity values include: 

(a) Damages and effects that can be measured physically but 
for which no widely accepted unit values or prices are 
established. Examples of these are 

- human diseases and death 

- changes in sport fisliing quantity and quality 

- changes in hunting quantity and quality 

- changes in the quantity and quality of other rec- 
reational activities. 
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(b) Damages and effects that are difficult to measure 
even in physical terms but which have recognized 
value to people. 

- visibility 

- aesthetic enjoyment of forests and waters 

- the legacy to future generations 

The benefits of environmental improvements, as expressed 
in these empirical methods, are the value of the damages or 
adverse effects that are reduced or avoided as a result of the 
environmental protection effort. Thus, which there is agreement 
about the theoretical basis for estimating the value of these 
public benefits, no single method for making empirical estimates 
captures all of the relevant effects. or gives equally reliable 
results. Freeman (1979) systematically describes the many 
practical difficulties of generating such estimates and the 
qualifications to which they are subject. Nevertheless, 
such estimates can, as indicated, constitute useful input to 
policy analysis, "policy development and decision making. 

Three inter-related studies will be undertaken by the 
Ontario government to estimate the economic and social 
benefits of reducing acid precipitation and mitigating its 
effects. (6) 

(a) E stimation of the Financial Values of the Ecological 
Effects of Acid Precipitation . 

The financial values of those effects that involve 
goods and services for which market prices are available 
will be estimated. The categories and sectors which 
might bo susceptible to damages by acid precipitation 
are listed in Table 1. Tliis exercise will yield a minimum 
estimate of the economic significance of these effects. 
It will not capture amenity values derived from rec- 
reational uses, aesthetic enjoyment or uses by future 
generations. 

(b) An Assessment of the Economic Significanc e of Acid 
P recipitation on Tourism and Outdoor Recreation Tn 
Qntario "~ ^ — — 

This study is intended to document the social and 
economic effects of acid precipitation on toursim and 
outdoor recreation activities in Ontario and on the 

firms and organisations (including the Provincial Govcrn- 
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ment) that supply goods and services which complement 
these activities. The significance of these effects, 
in terras of both physical and economic consequences 
and as indicated by their social impact and economic 
value, is to be assessed and the distribution of 
relevant effects among regions and among groups within 
the Province will be determined as well. 

(c) Estimation of the Amenity and Aesthetic Values of 
the Effects of Acid Precipitation 

There are essentially three approaches to estimate the 
value of Amenity effects. First, individuals can be 
asked directly, by means of surveys 

(i) what they would be willing to pay to preserve 
specific resources or activities or to achieve 
a specified degree of environmental quality. 

fii) what they would require in compensation to incur 
environmental damages. 

(iii) the level or quantity of environmental quality 
demanded at specific prices. 

A second approach is to observe how people alter 
their consumption and use of goods and services that 
are complementary to the environmental good or service 
in question. Thus, if people demand and use more outdoor 
recreational resources, they tend to spend more on trans- 
portation which can be measured. 

A third approach is to estimate the effect which changes 
in environmental quality may have on property values. 

The method to be used for this study will be the survey. 
The second approach will be employed to some extent in 
the Toursim and Outdoor Recreation Study. The Property 
Value Approach will not be employed in this initial 
set of investigations. 

The results of the Amenity Value Study will also constitute 

an input into the Tourism and Outdoor Recreation Study and any 

overlap between the two investigations will permit verification 

of the results of each. After suitable adjustments for double 

counting and for inflation effects on prices, the estimated 

economic values derived from the three studies can be summarized 

and added to indicate 

(a) the magnitudes of the value of current and potential 
levels of damages and effects. 

(b) the manner in which these values might change as 
acid deposition where increased or decreased. 

From these estimates, information and insights about the 

benefits of possible reductions in acid deposition rates as 
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rehabilitation efforts can then be generated. These studies 
will aslo provide a framework for re-estimations as new or 
more reliable information about the physical effects becomes 
available. 
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4. IMPLICATIONS OF THE COSTS OF POLLUTIO?J ABATEMENT AND 
REHABILITATIVE ACTIONS 

S0„ emissions are generated primarily from thermal 
power plants in the U. S. and Canada, from non-ferrous 
smelters in Canada and from other fossil fuel burning 
installations in both countries. Nitrogen oxides are 
generated primarily from povjer plants and automobiles. According 
to the U. S. - Canada Research Consultation Group on the 
Long Range Transport of Air Pollutants (October 1979) , total 
Canadian generation of these pollutants amounts to only about 
one fifth as much SO^ as in the U. S. and only 1/10 as much 
NO . There is currently some debate as to the relative 
contribution by each emission source to the total acid dep- 
osition in each iurisdiction. Moreover, Felske (1980) concludes 
that it is impossible to attribute specific emission sources 
(polluters) to the acidic compounds being deposited and the 
damages that are incurred in specific areas. Nevertheless, 
there is little disagreement among authorities that significant 
reductions in S0„ and possibly NO emissions arc essential 
to a curtailment of acid precipitation. 

There are several important economic issues relevant to 
the costs of abatement and of measures to offset the effects of 
acidification. First of all, the thermal power plants and the 
large non-ferrous smelters that generate the major part of these 
contaminants face very large costs if SO^ is to be implemented. 
Those costs give the firms rather largo financial incentives 
to resist and delay abatement actions for as lonq as is possible. 

Second, in order to evaluate alternative control 
strategies, abatement cost functions must be generated 
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for each of these facilities. Sufficient public information 
now appears to be available to do this for Inco.(7) In 
addition, the Federal government is undertaking a number 
of investigations about the non-ferrous and the electric 

power utilities. These studies will, hopefully, provide 
data and information with which marginal cost or performance 
functions can be determined for each source. 

A third fundamental concern with abatement costs 
is that virtually all SO- abatement costs will be imposed 
on the private and serai-private (Ontario Hydro) sectors. 
While these firms can avail themselves of certain tax con- 
cessions to mitigate costs, both government and industry 
have expressed fears that these costs will have adverse 
economic effects on the firms and on the economy. (8) 

At the level of the firm, there are concerns that 
profitability of the affected firms will decline, plant 
closures may be precipitated along with lay-offs. Some 
people are particularly concerned that firms will reduce 
investment in Ontario. - At the level of the economy 
as a whole, environmental control costs are said to 
contribute to inflation, slower economic growth, 
unemployment, and reduced international competitiveness. 

In Ontario, we have no record of business closures, 
clianqed invo-stmont plans, or reductions in eniploiTnent that have 

bt'cn caused by environmental controls and requirements. 
Indeed, as long as there are no plant closures, all evidence 

indicates that compliance with environmental regulations 



generally increases employment (Council for Environmental. 
Quality, 1979; Probe Post , May 1978; R, Smith, 1978) 

At the macro-economic level, the U.S. Council for 
Environmental Quality (1979) commissions econometric studies 
to assess the impact of environmental expenditures. 
Briefly, the results of these studies are as follows; 

(a) The overall level of spending for environmental 

protection is small relative to other expenditure 

catecrories. Environmental expenditures are, however, 
increasing more rapidly than some other categories. 

{b ) Environmental expenditures contribute less 
than 1% per year to inflation. 

(c ) The analysis found that the abatement 

expenditures contributed to a slight increase 
in employment. 

{ d) There was a very slight depressing effect 
on growth in GNP. 

These results were found for the U.S. but there 
is no evidence to believe that the consequences in 
Canada would be any different. Here in Canada^ the 
level of public and private expenditure for environmental 
purposes amounts to about $3.5 billion per ycar^ lJator and 
Pol lution Control , Nov. /Dec. 1979). This magnitude is also 
rather modest when compared with total private investment 
expenditures or with any other national expenditure measure. 
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As we have already noted, the very large costs of S0„ 
scrubbing devices and process changes give firms such as 
Ontario Hydro and Inco large financial incentives to implement 
abatement programs. Moreover, the long range transport nature 
of acid precipitation gives substantial uncertainty to the 
benefits of unilateral abatement efforts by individual 
jurisdictions. Thus governments are reluctant to impose 
more stringent abatement requirements until everyone is 
prepared to do so. However, insofar as there is concern 
about firms' ability to afford these costs, the following 
comments are offered to give some reassurance. 

With respect to Ontario Hydro and most other electric 
power utilities, the significant economic characteristic 
of these organizations is that they are monopolies. Consequently, 
they can, within limits prescribed by the relevant Provincial 
or State regulatory authorities, pass on all of the added costs 
of S0_ removal to their customers. However, there are as yet 
no publicly available estimates of the costs of air pollution 
abatement for any of Ontario Hydro's thermal generating establish- 
ments with which we can form a judgement about the potential 
economic impacts. 

On the other hand, a firm such as Inco would probably not be 
able to easily pass on all of the added abatement costs to its 
customers because it faces competition in its product markets 
and, presumably, cannot raise its prices whenever it pleases. 
There is, however, growing evidence that expenditures 
that will be required to achieve reductions of S0_ emissions 
of up to 10% will not have particularly adverse financial 
consequences for the company (Felsko, 1980). 
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While it is not altogether clear how much SO^ and NO 

2 X 

reduction is needed, there seems to be unanimous agreement 
among the public and governments, that substantial reductions 
will have to be made by all sources. What is needed for 
Inco, Ontario Hydro and other sources both in Canada and the 
United States, are policies that give these sources clear 
economic signals to implement abatement programs, properly 
maintain the facilities they install and undertake research 
to find new and better (ie cheaper) ways to reduce emissions 
ever further. Such policies are the focus of our closing 
Section. 

Finally, the programs and activities that will likely 
have to be undertaken to offset the continuing effects of 
acid precipitation on aquatic and terrestrial ecosystems will 
also be costly and will very likely have to be undertaken 
by governments or other public agencies. There are questions 
of equity to be addressed as well as where the necessary funding 
will be obtained. The suggestion we make in the next Section 
will also address these questions. 
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5. SOME CLOSING OBSERVATIONS AND A SUGGESTION 

What can and should we do about acid precipitation? Some 
individuals and groups have understandably called for fewer 
studies and more action. A number of suggestions have been 
made as to the kinds of objectives that should be established 
and the programs of rehabilitation that should be implemented. 
Much attention and weight is given to the ratification of a 
U.S. - Canada treaty on the Long Range Transportation of Air 
Pollutants as an important step in resolving the problems. 
Hov/ever, with or without such a treaty, implementation of 
abatement programs will depend on the policies and actions of 
the relevant State, Provincial and Federal governments. 
Therefore, we must look at policy instruments that the 
various jurisdictions currently have or could adopt to 
induce polluters to undertake abatement and, incidentaly, 
finance rehabilitation programs. 

By focusing on governmental actions, we do not mean to 
imply that public interest groups have no part to play in 
these matters. Time and space constraints permit us only to 
say that we believe that such groups have an important role. 
We strongly urge them, however, to consider our suggestions 
and those of other economists in developing their positions 
and arguments. 

One policy approach that generally finds favor with 
polluters is the provision of financial assistance to 
off-set evironmental control costs. The Provincial and 
tliG federal governments have established an important precedent 
by providing massive financial assistance grants to the 
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automotive industry, the pulp and paper industry and, most 
recently, Massey-Ferguson. It is likely only a matter of 
time before SO^ polluters will ask for similar subsidies. 
In fact, this has already been suggested in a recent Federal 
government publication {Pearse, January 1980) . 

In general, economists .are critical of financial assistance 
and subsidies as a means of inducing pollution abatement in 
the private sector. Such assistance does not provide polluters 
with a strong incentive to implement abatement and there is 
virtually no incentive to do research for new, more efficient 
abatement processes. The raisallocation of resources that is 
caused by pollution is left untouched by subsidies. This means 
that polluting industries or firms do not pay the full costs 
of their operations and customers continue to pay lower prices 
for polluting products than would otherwise be the case. 

Nevertheless, financial assistance to certain, adversely 
affected sectors of society should be considered as part of 
any comprehensive environmental strategy. However, we believe 
that financial assistance alone will not provide the necessary 
incentives to induce firms facing heavy costs to undertake 
abatement programs in a timely manner. Moreover, such assistance 
programs will further tax already strained budgetary allocation 
processes at both the provincial and federal levels. Finally, 
such programs inevitably raise questions of equity. In any 
event, the extension of financial assistance to firms and 
industrial sectors associated with the acid precipitation problem 
should be preceded by careful assessment and debate. 
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Because of the coal conversion program in the U.S., 
the lead time for installation of S0_ removed devices 
and the strong resistance to further SO abatement 
by major stationary sources in Canada, acid precipitation 
will likely be with us for sometime . Substantial effort, 
imagination and resources will have to go into "defensive 
activities" and rehabilitation efforts. Iloreover, the magnituce 
and significance of acid precipitation damages are 
uncertain although there is no argument as to which sources 
are contributing to the phenomenon. 

Under these conditions, we would suggest that, 
in addition to the existing policies. Regulations 
and programs, a Rehabilitation Fee be levied 
against all-relevant stationary polluters in the US and 
Canada to be paid according to emissions. The money could 
be used for rehabilitation and ecosystem repair programs. 
Such a fee would have to be introduced with the understanding 
that it would not prejudice the use of other instruments 
including prosecutions. In addition to providing funds 
for rehabilitation programs, the fee would at last give 
polluters a financial incentive to reduce emissions which 
currently does not exist. To the spurious criticism 
that such a fee would be a "license to pollute" we must 
point out that the discharge permits, certificates of 
approval and administrative orders that are issued by 
various governments in Nortli America arc more appropriately 
labelled "licenses" and these are all given to polluters 
froo of charge . 
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At the very least^ we would hope that this suggested 
policy instruinent, along with some of the other comments 
we have made today, will provoke discussion, debate 
and other innovative ideas for resolving acid precipitation. 

-oOo- 
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Figure 1. Consequences of Uncertainty About Pollution Damage Functions 
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RECEPTOR CATEGORIES OR SECTORS INVOLVING MARKETED GOODS 
AND SERVICES WHICH MIGHT BE AFFECTED BY ACID PRECIPITATION 

A. Terrestrial Systems 
1, Forests 

a. 'Pulp and paper 
h. Lumber 
C. Sugar Maple 
d. Fuel wood 



2. Wildlife 

a. Commercial Fur 

to. Hides and meat of game animals 

3. Agriculture 

a. Crops 

b. Livestock 

4. Ornamental Plants 

B. Aquatic Systems 
1. Fisheries 

a. Commercial Fisheries 

(i) Food 

(ii) Bait 

li. Native Fisheries 

■G, Human Systems 

1. Structures and Materials 
2* Historical Structures and 

Art i facts 
3. Water supply 

a. Water treatment 

b. Corrosion to delivery svstems 



- 155 - 



FOOTNOTES 



A massive amount of sulphur compounds found in the atmosphere 
are of natural orgin such as the decay of plants and animals 
and through the evaporation of seawater sprays. There is 
some debate among physical scientists as to the primary source 
of the sulphur compounds that are deposited as acid precipitation. 
One hypothesis suggests that photochemical reactions in the 
atmosphere v/hich convert sulphur dioxide to sulphates are 
induced by nitrogen oxides. Another hypothesis attibutes the 
formation of damage-causing sulphates to bacterial decay in 
polluted waters. These hypotheses have important implications 
for policy for if a significant proportion of the problematic 
sulphate compounds are derived from these sources, then S0_ 
abatement may not effectively reduce acid precipitation. Sae 
U. S., House of Representatives, Committee on Science and 
Technology, Review of Research Related to Sulphates in the 
Atmosphere (Washington, D. C. : U. S. Govt. Printing Office, 
1976) , pp. 5-9. 

(2) 

Public Goods are goods and services which cannot easily 

be excluded from consumers. The benefits of National Defence 

and the adverse effects of pollution are both classic examples. 

The nature and the implications of Public Goods are analyzed 

in detail in text books on Public Finance. 

( 1) ..... 

^ ' For example, Inco claims that the emission objectives in 

the Provincial Cabinet Regulation that was issued to them in 
September 19 80 will prevent the company from increasing nickel 
production when market conditions improve and so could impose 
financial losses on the firm if nickel demand should ever 
increase. In addition, large S0„ emitters l.'_ke Inco and Ontario 
Hydro have agreements with the Ontario Ministry of the Environ- 
ment to curtail their operations, hence their SO^and NO , emissions , 
under certain weather conditions in order to maintain the local 
"point of impingement" ambient air quality standards. 

A benefit function is a schedule shov;ing the benefits 
to bo achieved at different levels of pollution emission or 

ambient qua]ity. 

(5) . , . 

Many jurisdictions now require economic impact statements 

prior to the enactment of new regulatory statutes or the 
promulgation of new Regulations. The generation of information 
about the benefits of those regulatory activities in an 
essential component of those exercises. 

Sol! Ontario, Ministry of tlic Environment, "Dackground Paper 
on Proposed Socio-Economic Studies of Acid Precipitation" 
Toronto: Program Planning and Evaluation Branch, July 15, 1980. 
As of September 19B0, two contracts had been let for the 
Amenity Value Study and the Tourism and Recreation Study. 
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f 7^ 

See Fclske, 1980; Environment Canada, 1980. 

f 8 1 

For a description of the financial assistance programs 

currently available to Ontario firms, see Ontario Ministry of 

the Environment, 1980. 
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INTRODUCTION 



I am pleased to represent Inco at your meeting today. 
As Grant Mills has said we did not know exactly what we 
would be presenting at the time abstracts were required. 
However, we did know that we would be present today, 
because the by-laws of "Acid Rain Incorporated" say that 
you cannot have a meeting on acid rain unless you invite 
Inco. Why is that? I think there are two reasons. 

The first is that we emit a very large quantity of 
sulphur dioxide (SO2) which, as Mr. Piche has told us, is 
one of the precursors of acidic precipitation. The second 
reason is that we have become a symbol of industrial pollu- 
tion. The symbolism derives from the facts that our 
Copper Cliff smelter is graced with a 1250 foot tall chim- 
ney, the tallest chimney in the world, and that it emits 
very large quantities of sulphur dioxide, perhaps as much 
as one per cent of the sulphur dioxide emitted throughout 
the world. Needless to say, being a symbol --of anything 
makes life much more difficult. 



THE NATURE OF INCO's SO q PROBLEM 

Why are our emissions at Copper Cliff so large? Is 
it because we don't care? Is it because we have no idea 
as to how to curtail them? No, neither of these is the 
reason. Our emissions are large because of the nature of 
the ore we must process and because of the large size of 
our operations in Copper Cliff. Figure 1 shows that 
three-quarters of the ore is worthless rock; the remaining 
quarter is composed of sulphide minerals. Three-quarters 
of the sulphide is pyrrhotite, an iron sulphide mineral 
containing about 40 per cent sulphur and less than one 
per cent nickel. One-eighth of the sulphide is pentlandite, 
the nickel mineral , composed of roughly equal proportions 
of iron, nickel and sulphur. The remaining one-eighth is 
chalcopyrite, the copper mineral. It is composed of roughly 
equal proportions of iron, copper and sulphur. The result 
of this mineralogy is that we have to mine more than four 
pounds of sulphur for every pound of copper plus nickel in 
the ore . 

The nature of the ore makes it possible to separate 
most of the copper mineral into a copper concentrate which 
contains only a little more sulphur than it does copper. 
However, the same is not true of the nickel mineral because 
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Fig. 1 MINERAL COMPOSITION 

OF SUDBURY ORE 
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a substantial proportion of it is finely dispersed in the 
pyrrhotite and because its flotation behaviour is very 
similar to that of pyrrhotite. We are faced with a con- 
stant dilemma in trying to produce a nickel concentrate. 
If we maximize nickel recovery, we take increased amounts 
of pyrrhotite into the nickel concentrate feed to the 
smelter and this results in increased emissions of sulphur 
dioxide. If, on the other hand, we operate the concentration 
process in such a way as to maximize the rejection of pyrrho- 
tite, then we could lose large amounts of the nickel mineral. 
This is not socially responsible either in that it shortens 
the life of the orebody. 

The problem presented by the nature of the orebody 
is compounded by the large size of our smelting operations 
in Copper Cliff. In 1977, the last year of uninterrupted 
operation, our single smelter had to cope with 40 per cent 
of the sulphur fed to all 15 U.S. copper smelters, 300 per 
cent of the sulphur fed to all 6 U.S. zinc smelters and 
350 per cent of the sulphur fed to all 6 U.S. lead smelters. 
So our problem is a very large one. 
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However, we've dealt with large problems before. 
For instance, we have learned to reclaim our tailings 
areas. In fact some 1200 acres of tailings have been 
revegetated and dedicated as a wildlife management area. 
This achievement did not come easily or quickly. It took 
a great deal of work over more than two decades. Our 
sulphur emission problem will not be solved easily either, 
but we are confident that it will be solved. 

I've been asked to speak today about how to prevent 
environmental damage from SO2- There are really only four 
things you can do; four approaches that never vary regard- 
less of the activity involved, whether it be smelting, 
generating electric power or running a city. They are as 

follows : 



1. Keep sulphur out of the process feed. 

2. Use a process that doesn't convert 
sulphur to sulphur dioxide. 

3 . Capture sulphur dioxide and convert 
it to a non-gaseous form. 

4. Emit sulphur dioxide under conditions 
that disperse and dilute it. 

It is obvious that if you were completely successful 
in any particular step, you would not need to utilize any 
of the remaining steps. In the real world, I expect that 
most operations will make use of a combination of several 
approaches . We have tried all four techniques to control 
SO2 emissions from our Copper Cliff smelter but are currently 
practising only 1, 3 and 4. 

Let's go through the options one at a time illustrating 
what we have done -- and tried to do -- at Copper Cliff. 



REMOVING SULPHUR FROM PROCESS FEED 



Toronto reduced its SOo emissions during the 1970 's 
by lowering the allowable sulphur content of the fuels 
burned in the city, say from high sulphur coal at one 
extreme to natural gas at the other. Unfortunately life is 
not so simple for Inco . We are processors of sulphide ores 
and we have yet to find a sulphide ore that didn't contain 
sulphur. Still we have been able to compensate to some 
extent for this particular "deficiency" of our orebodies . 
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Figure 2 shows the amount of sulphur for every 
pound of nickel plus copper in the nickel concentrate 
fed to the smelter. I must remind you that the smelter 
receives both nickel and copper concentrates. As I 
said earlier the copper concentrate contains only a 
little more sulphur than it does copper, and that has 
been the case since we began using the flotation process 
for concentration in 1930. The nickel concentrate, on 
the other hand, got progressively richer in sulphur 
compared with the metal contained in it as the grade of 
the ore declined from 1930 to 1950. You can see from 
the graph that the amount of sulphur in the concentrate 
doubled for a given metal production during those twenty 
years. 

However, most of the pyrrhotite in our ore is 
magnetic. By using magnetic separators, we were able to 
separate increasing amounts of that pyrrhotite from the 
ore and thus remove it from the nickel concentrate. So 
from 1950 on you can see a steady decline in the sulphur 
to metal ratio in that concentrate. Our emissions did 
not decline in that period because we were increasing 
production. So this figure is a measure of our efficiency. 
It shows that by research, development and investment 
we were able to convert what our grandfathers would have 
called worthless rock into ore and still minimize the 
amount of sulphur dioxide emissions coming from the smelter 
(One of the questions in our minds now is whether or not 
research, development and investment can continue to con- 
vert rock into ore faster than regulation can convert ore 
into rock.) 



Fig. 2 
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The graph also shows the sulphur to metal ratios 
of typical copper, zinc and lead concentrates. I think 
our ultimate goal might be to approach a typical copper 
concentrate but we will never be able to approach the 
favourable sulphur to metal ratios of zinc and lead 
concentrates because of the nature of our ore. 

Over the years we have learned to separate some 60 
per cent of the pyrrhotite from the ore. About half of 
this goes to the tailings area along with the waste rock. 
The other half goes to the Iron Ore Recovery Plant. 
Before we learned to do this, 80 per cent of the pyrrhotite 
in the ore went to the smelter in the nickel concentrate 
and the sulphur in it emerged from the smelter as sulphur 
dioxide. Currently, only about 20 per cent of the pyrrho- 
titic sulphur ends up as sulphur dioxide. 

USE A PROCESS THAT DOESN'T GENERATE SULPHUR DIOXIDE 



If you can't keep sulphur out of your process feed, 
the next best thing to do is use a process which doesn't 
convert the sulphur to sulphur dioxide. The traditional 
pyrometallurgical processes unfortunately don't qualify. 
So instead of oxidizing the nickel and copper concentrates 
at high temperatures with atmospheric oxygen, we tried to 
oxidize them at relatively modest temperatures, say 100 to 
130*^0, using oxygen at high pressure in an aqueous system, 
The process dissolved some nickel and copper as sulphates 
and produced an iron oxide/gypsum precipitate, which is 
analogous to the slag produced in the conventional smelting 
process. However, much of the sulphur in the concentrates 
is converted to elemental sulphur instead of sulphur dioxide. 

Our intention during this period was to produce a 
high grade concentrate and a low grade concentrate in our 
mills. The high grade concentration containing the bulk 
of the nickel, would go to the smelter as usual. The 
smelter would have had to be modified to permit capturing 
the sulphur dioxide and converting it to acid. The low 
grade concentrate would have been subjected to the hydro- 
metallurgical process. In this way, about one-quarter of 
the total sulphur leaving our mills would have been converted 
to elemental sulphur. The sulphur obtained from the pro- 
cess was not suitable for sale for many purposes because 
of the impurities it contained. However it could at least 
be stockpiled and not obligate one to solve the large 
problem of disposing of vast additional quantities of 
sulphuric acid. 
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We spent nine years and $14 million on a 
substantial amount of laboratory work, two stages of 
pilot plant development and several evaluations of the 
hydrometallurgical process. In the end, for a variety 
of technical, economic and environmental reasons, we 
decided we could not employ the hydrometallurgical process 
at this time . 



CAPTURE SQ q and CONVERT IT TO A HON- GASEOUS FORM 

If you can't keep sulphur out of your plant feed 
and your process converts it to sulphur dioxide, the next 
approach is to capture the SOo and convert it to a non 
-gaseous form such as a sulphite-sulphate sludge, sulphuric 
acid, elemental sulphur or liquid sulphur dioxide. Making 
these "products" generally requires increasingly stronger 
gas streams reading from left to right. They also have 
different storage, marketing and environmental problems. 

Inco has not seriously entertained scrubbing the 
gases to produce a sludge for disposal. First of all it 
would produce very large quantities of waste, which 
would itself constitute an environmental problem. More 
importantly this approach goes against our grain as resource 
people because it takes something that could be useful to 
mankind and converts it to a waste product. We are rather 
proud of the fact that we extract 15 elements from the 
Sudbury ore for man's use. 

We have, however, captured large quantities of 
sulphur dioxide and converted it to sulphuric acid. The 
fraction of the pyrrhotite which as I mentioned earlier 
is sent to the Iron Ore Recovery Plant, is roasted and 
a strong gas containing about 10 per cent SOo is sent 
to CIL's acid plants located at the site. CiL has three 
acid plants there, the first of which went on-stream in 
1958. Figure 3 shows the growth of acid production from 
this complex. This plant, one of the world's largest 
metallurgically-based acid plants, produced about 850,000 
tons of acid in 1977. You'll note that we began converting 
sulphur dioxide long before anybody was talking about acid 
rain. 
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I think a more telling proof that one cannot afford 
to make elemental sulphur from sulphur dioxide is the fact 
that Falconbridge , which successfully operated such a 
process in the early '70's, abandoned the production of 
elemental sulphur when it revised its smelter and turned 
instead to the production of sulphuric acid. 

Back in the smelter itself we've also made attempts 
to capture strong SOn gas for fixation. One approach 
was the oxygen flash furnace, invented and developed by 
Inco in the early 1950' s. This furnace combusts copper 
concentrate with pure oxygen and yields an off-gas analyzing 
some 75-80 per cent sulphur dioxide. This is cleaned, sent 
to GIL who compress it and cool it to produce liquid sulphur 
dioxide. About 100,000 tons of this product each year go 
to the pulp and paper industry in Ontario. 
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About half of the sulphur in the smelter is emitted 
from the Pierce -Smith converters so we have to find some 
way to capture this gas. We have spent some $9 million 
in modifying three nickel converters and fitting them 
with water cooled hoods to see if we could improve this 
capture; that is to contain more gas and to minimize 
its dilution by air so that it will be suitable for the 
production of acid. Figure 4 shows a modified converter 
and hood in the blowing position. The capture of gas 
is excellent in this operation but unfortunately, the 
converters blow only about one- third of the time. The 
overall difference in sulphur dioxide capture from these 
new hoods is really no different from that of the old 
hoods. We are currently investigating yet another set 
of hoods, an outer layer of hooding, to prevent the 
escape of these so-called "fugitive emissions". But as 
long as we convert our conventional matte in Pierce-Smith 
converters, we will have trouble containing these gases 
and preventing their dilution. 
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EMIT SULPHUR DIOXIDE CAREFULLY 



If one cannot accomplish the first three objectives 
then one should at least emit sulphur dioxide under con- 
ditions that disperse and dilute it. I know this is 
anathema to the environmentalists who say "Dilution is 
not the solution to pollution". I would agree with them 
that it is not the solution to pollution, but I believe 
very strongly that it is a solution to pollution. In 
fact it is a rapid and reTiable solution to our most 
pressing environmental problems. 

A classic example is the change in the Sudbury 
environment produced when heap roasting was abandoned 
in 1930. Heap roasting was a pyrometallurgical process 
based on primitive principles which was introduced to 
the Sudbury area in the late 19th and early 20th cen- 
turies. In this process thousands of tons of ore were 
piled on top of firewood which served to ignite the ore. 
The ore smoldered for months on end causing extremely 
high concentrations of sulphur dioxide and sulphuric 
acid mist at ground level. This obsolete practice, 
together with clear cutting and forest fires devastated 
the vegetation and led to the erosion of the thin layer 
of soil from many areas of the shield in the Sudbury 
vicinity. This is how the "Sudbury barrens" were created. 

In 1930 we abandoned heap roasting and built a 
smelter which emitted the same quantity of sulphur dioxide 
through chimneys "only" 600 and 350 feet tall. The 
environment changed dramatically and vegetation returned 
to the area, both with and without the help of man. It's 
very reassuring that in some of the most devastated areas 
-- those immediately adjacent to the roast yards -- the 
vegetation has recovered very nicely with no help from 
man. It makes one wonder whether acid rain, a much milder 
environmental insult, is indeed likely to lead to that 
unspeakably horrible, irreversible damage the prophets of 
gloom constantly threaten us with. 

One of the terms of an environmental control order 
we received in 1970 required Inco to install a still taller 
chimney. The 1250 foot chimney further improved the 
qviality of air in Sudbury. But tall chimneys are not 
the only approach we use to improve dispersion. We 
also go through a rather sophisticated prediction of the 
meteorological conditions to be expected each day and 
adjust the smelter output downwards if those conditions 
are not favourable for dispersion. These conditions occur 
mostly in the summertime and require us to turn the 
smelter down on some 40 or 50 days a year. 
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So to recapitulate, sulphur dioxide control at 
our Copper Cliff complex is accomplished by three actions 



rejecting one portion of the pyrrhotite 
mineral to tailings or stockpile; 

producing sulphuric acid from another portion 
of the pyrrhotite mineral at the Iron Ore 
Recovery Plant; and finally 

producing liquid sulphur dioxide from the 
oxygen flash smelting of copper concentrate. 



THE CURRENT STATUS OF EMISSIONS FROM THE 
COPPER CLIFF SMELTER 



Figure 5 shows the distribution of the sulphur 
that we mine in the Sudbury area. As you can see some 
45 per cent of the sulphur is discarded in solid waste 
products while 25 per cent is converted to saleable pro- 
ducts. Thus we contain some 70 per cent of sulphur that 
we mine and emit only 30 per cent to the atmosphere. 
Still that 30 per cent is a large qxiantity and we are 
committed to reduce it still further. 



Fig. 5 
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It is also important to note that we have not just 
reduced our sulphur dioxide emissions. Figure 7 shows 
we've also lowered the amount of dust emitted from the 
tall chimney during that same period from nearly 200 tons 
per day down to about 7 tons per day at present. That's 
rather remarkable in view of the large tonnage of materials 
handled in the smelter. A series of some 16 stack sampling 
tests conducted at the direction of the MOE in 1979 indi- 
cated that the average daily loss of copper and nickel 
was only about 700 pounds each. 



- 1^^9 - 



Fig- 7 



COPPER CUFF SMELTER 
DUST EMISSIONS 



Dusi Tons Per Day 



180- 



120- 



60- 



lu 



T T 1 1 T- . , 

1967 68 69 70 71 72 73 74 75 76 77 78 79 



4-f-+ 



INCO's PLANS FOR THE FUTURE 



Where do we go from here? As I have mentioned 
repeatedly, there are only four ways to prevent damage 
due to sulphur dioxide emissions from your plant. Inco 
is now working on projects of the first and third kind. 
One of these is a way to reject even more pyrrhotite from 
the nickel concentrate, thereby keeping sulphur out of 
the smelter feed. The new process employs flotation 
rather than magnetic separation. If it lives up to the 
results it produced in the laboratory and pilot plant it 
should enable us to reduce our emissions by another 25 
per cent. 

The other major thrust of our work is to revise 
the smelting process so that we can have access to larger 
quantities of sulphur dioxide gas at strengths suitable 
for the manufacture of sulphuric acid. Figure 8 shows a 
schematic drawing of the existing smelter. Note that 
large quantities of SO2 leave the process at several 
different points. More importantly, all these stream' 
are relatively weak with respect to SO2. Figure 9 shows 
the proposed new smelting arrangement. Note that most 
of the SO2 is expected to emerge at one place and at a 
strength suitable for acid production. 
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Fig- 8 
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We are spending some $17 million this year to 
modify our smelter at Thompson, Manitoba to permit a 
commercial scale test of the new process in the first 
half of 1981. We hope to complete a technical and 
economic evaluation of the process by the end of that 
year. If this process were to be implemented in 
Copper Cliff, it would take many years to do so. It 
would require us to raise large sums of money because 
it is estimated to cost himdreds of millions of dollars. 
It would also require us to find suitable markets for 
disposing of large additional quantities of sulphuric 
acid. That is not an insignificant problem. 

It's important to recognize that any major capital 
investment, such as we're talking about here, must serve 
a variety of purposes. So the process implemented has to 
be one that not only reduces our emissions of sulphur 
dioxide to the outside environment, but also does some- 
thing for the workroom environment and hopefully improves 
productivity and metal recoveries. This is essential if 
you are to some how pay off the large capital investment 
required. 

Finally, Figure 10 shows that while Inco's emissions 
have been decreasing, the acidity of rain has been increas- 
ing. That's not surprising. Any other producer of SO2, 
who reduced his emissions, could plot a similar graph and 
say the same thing. However it emphasizes the fact that 
there are many other emitters out there and that neither 
Inco nor Ontario nor Canada alone can solve the problem 
of acid rain in the Sudbury, Ontario or Canadian environ- 
ment. It will require a continent-wide effort to do this. 



Fig. 10 
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However, I did find a recent statement that 
Douglas Cos tie, the administrator of the U.S. EPA made 
to a sub- committee of Congress on February 27, 1980 to 
be very interesting. It went as follows: 

"Acidity in rainfall from both kinds of 
acid has grown substantially in its 
severity and geographic extent since the 
mid-1950's. interestingly ^ this increase 
is greater than the proportional change 
in sulfur and NO-, emissions over this 
period. 

This would imply that all emitters of sulphur dioxide and 
NOjj could reduce their emissions and still not bring 
about a corresponding decrease in acidic precipitation. 
This suggests to me that there is a great deal more that 
we must know before we can effectively address the problem 
of acid rain. 

Yet Inco, which has reduced its emissions substantially 
in recent years, has made a public commitment to reduce 
them still further, and has identified technically promising 
prospects for doing so, has been singled out as a scape- 
goat for political reasons. Symbolism will not solve the 
acid rain problem. It must be attacked on a broad front 
in Canada and the U.S. 

We are prepared to do our share. 
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DAVY S-H PROCESS 

A LIME BASED FGD PROCESS UTILIZING FORCED OXIDATION 
TO PRODUCE STABLE GYPSUM BYPRODUCT 



A. L. Pollock, Davy McKee Corporation, Lakeland, Florida 
A- Berndl, Ph.D., Acres Davy McKee Ltd., Toronto, Ontario 

M. Esche, Saarberg-Hoelter Umwelttechnik GmbH, W. Germany 



ABSTRACT 



Environmental concerns over limestone sludge disposal and opera- 
tional problems with scrubber scaling and plugging, in the U.S. 
and Japan, led to the European development of a second generation 
flue gas desulfurization process for large scale power stations 
and industrial plants. The Davy-Saarberg Hoelter FGD process 
employs a clear, alkaline solution as a scrubbing media which 
can produce a clean gypsum byproduct suitable for wallboard 
used in building construction. The first FGD unit was installed 
in 1974 at a 40 MW demonstration plant. Since then, the system 
has been successfully scaled up to 175 MW size at a 700 MW coal 
fired, electric utility power station at Weiher, West Germany. 
The FGD system has been operating for over one year. The West 
German Government has since selected this FGD process and has 
a unit under construction at a 450 MW coal fired power plant 
in West Berlin; two 150 MW FGD systems will be installed with 
the first unit to start up in late 1981. The FGD units will 
produce a gypsum byproduct suitable for wallboard manufacture. 

This paper will describe the operating experience , based on actual 
plant operations, in terms of scrubbing efficiency, onstream per- 
formance and capital and operating costs. The process offers prov- 
en reliability for SO removal, and can produce an environmentally 
acceptable gypsum byproduct for sale to the building industry or 
for cement manufacture. Slides will be presented showing recent 
power station installations and process equipment details. 
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DAVY S-H PROCESS 

A LIME BASED FGD PROCESS UTILIZING FORCED OXIDATION 
TO PRODUCE STABLE GYPSUM BYPRODUCT 



BACKGROUND 

In the late 1960 's, Saarbergwerke AG, a large integrated energy company 
in West Germany, joined with Hoelter GmbH, an engineering firm engaged 
in pollution control for underground mining and foundries. Saarberg- 
Hoelter Umwelttechnik GmbH (SHU), the joint venture, was assigned the 
task of developing an appropriate method to desulfurize flue gases and 
to design and confirm the feasibility of a large-scale system. After 
the pilot plant work proved successful, a 40 MW demonstration plant at 
the Weiher II power station was constructed in 1974. A reliable opera- 
tion has been maintained. A 175 MW unit for Weiher III was successfully 
commissioned in March, 1979. The Weiher III FGD system has demonstrated 
a very high reliability, at 98.7% of boiler on stream time, during the 
first year of operation from initial start-up. SHU has also demonstrated 
the process for industrial applications and started up a unit at Veba 
Chemie AG in December, 1978 to treat the tail gas from two Claus units. 
SHU has a contract in West Berlin for two 150 MW units with guarantees 
for 90% SO^ removal and 95% operability for three years. A 230 MW FGD 
system in the design phase, is planned to start-up on April 1, 1982 at 
Voelklingen, West Germany. Davy acquired an exclusive North American 
license for the process in 1978 and markets the process under the name 
Davy S-H. 

The Davy S-H Process is a wet scrubbing process based on lime. The pro- 
cess has several unique features to distinguish it from conventional 
lime/limestone processes. 

# The use of a clear, alkaline solution (not a slurry) as 
a washing fluid for absorption of S0„. 

• The addition of a carboxylic acid (usually formic acid) to 
buffer the washing fluid and control the pH drop during 
absorption. 



9 The formation of a water soluble intermediate, calcium 
bisulfite, Ca(HSO„)„, with minimum formation of insolul 
calcium sulfite heraihydrate , CaSO • 1/2 HO. 



# The production of a high grade gypsum (CaSO,* 2H„0) by 
forced oxidation in an Integrated process step. A gypsum 
grade suitable for wallboard or cement manufacture can be 
produced. 

# The ability to handle chloride containing gases without 
the need for pre-scrubbing or a liquid purge stream to 
control chloride concentrations. 

9 A closed loop system with no liquid waste. 
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PROCESS DESCRIPTION 

Although the Davy S-H Process can handle large quantities of particulates, 
an electrostatic precipitator or baghouse is recommended upstream of the 
process to lower the particulate loading of the flue gas to about 0.02 
grains/scf . The S-H ROTOPART absorber will further reduce the particulate 
level to below 0.015 grains/scf which will meet EPA new source performance 
standard (NSPS) of 0.03 lb/10 BTU for large new steam generators. 

The flue gas flows from the electrostatic precipitator, or baghouse, 
to a booster fan provided to overcome the pressure loses in the scrub- 
ber and the ductwork. (Alternately, a single fan could be provided to 
overcome the total pressure losses in the boiler, ESP and flue gas de- 
sulfurization unit.) The use of a booster fan that is forced draft rela- 
tive to the FGD unit avoids contact with corrosive, wet gases that could 
result with use of an induced draft fan. 

Tlie Davy S-H flue gas desulfurlzation process, a wet scrubbing process 
based on lime, has four main steps which are: 

Absorption, oxidation, lime and chemical addition, and solids separation. 

Calcium Ions in the form of calcium hydroxide, Ca(OH) calcium formate, 
Ca(COOH)„ and calcium chloride, CaCl„, in clear solution are used to 
absorb sulfur dioxide from the flue gas. The resultant intermediate, 
water soluble calcium bisulfite, Ca(HSO ) is then oxidized to calcium 
sulfate dlhydrate, CaSO, • 2H„0, and precipitated from the system as a 
stable gypsum product. Calcium ions lost with the gypsum are continu- 
ously replaced by the addition of calcium oxide, CaO. The gypsum is 
recovered as a filter cake. 

Absorption 

From the fan, the flue gas flows to the ROTOPART absorber. In the 
ROTOPART the SO rich gas stream is contacted co-currently with a 
clear alkaline washing solution to absorb SO and form the water 
soluble intermediate, calcium bisulfite, Ca(HSO^)„, which is the 
only water soluble calcium-sulfur compound. The washing fluid 
feed normally contain 0.3 gms/llter calcium hydroxide, Ca(OH)_, 
0.8 gms/llter calcium formate, Ca(COOH) and 5.0 gms/llter cal- 
cium chloride, CaCl„. Chloride increasei solubility of Ca(0H)2. 

The ROTOPART absorber consists of one or more absorber tubes sized on 
a residence time/velocity criteria basis. The velocity should be low 
enough to allow time for Ua(HSU3)2 formation. The residence time must 
be low enough to prevent oxidation of the intermediate Ca(HS03)2 to 
CaSO^ • 2H2O due to oxygen in the flue gas. 

Washing fluid is introduced into each ROTOPART absorber tube by means 
of hollow cone spray nozzles arranged in one plane. The absorbing 
tubes function as spray chambers, but have one or more water shedding 
rings (low pressure drop Venturl throats) to increase velocity and di- 
rect the washing fluid back to the center of the duct, thus preventing 
it from running down the walls as an inactive film. 
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The shedding rings increase the droplet surface area available for contact 
and provide the intimate mixing of gas and liquid phases necessary for 
mass transfer. The contact velocity and the number of water shedding 
rings required are determined by the SO content of the feed gas and 
the degree of desulfurization required. 

Absorption of S0„ is achieved by reaction with the active components of 
the washing flula which is fed to the rotopart at a pH of 9.5 to 10.5. 

Ca"*"^ + 20H" + 2SO2 *- Ca"*""^ + 2HS0" (1) 

As OH ions from the solution are consumed in the absorption of SO,, 
an abundance of H ions are made available. 

H^O -0 *- H"^ + 0H~ (2) 

The pH of the solution drops rapidly to about 5.0. 

By removing H ions to form formic acid, HCOOH, the formate ions act to 
control the pH drop, buffering the solution in the pH range 4.5-5.0, a 
range that assures formation of Ca(HSO_)„. 

HCOO" + h"*" -* ► HCOOH (3) 

Equilibrium is shifted to the right as a result of excess H ions. By 
controlling the drop in pH, a high S0„ removal takes place in the pH 
range 4.0-5.8. 

After the formate ion concentration decreases, the buffering effect is 
weakened and the pH of the washing fluid drops to about 4.0 which is the 
optimum for oxidation. No pH adjustment is required prior to oxidation. 

ROTOPART installations to date included a horizontal centrifugal sepa- 
rator located below the absorber tubes. Development test work is in 
progress to simplify the system and the desulfurized flue gas will dis- 
charge with the washing fluid from the ROTOPART tubes into the oxidizer. 
A gas space is provided above the liquid for separation of the flue gas 
from the washing fluid. The flue gas is discharged from the oxidizer 
through a mist eliminator to the stack. A stack gas reheater may also 
be required to prevent condensation of a fine mist in the stack. 

Forced Oxidation 

The oxidizer is a vertical cylindrical tank which functions as a back- 
mixed reactor. An air blower supplies air which is injected through 
spargers at the oxidizer bottom at five times the required stoichio- 
metric rate. 

The air converts calcium bisulfite to calcium sulfate dihydrate (gypsum) 
crystals. Ferric chloride is fed to the oxidizer to provide an oxida- 
tion catalyst. 
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Ca"^^ + 2HS0r + 2H^0 + 0^ ^^^^ 3-». CaSO. • 2H^0 + 2H"'' + SO"^ (4) 
3 2 2 4 I 2 4 

The formation of sulfuric acid, H SO, , during oxidation reduces the 
pH of the solution from 4.0 to about 3.5. The crystalline calcium 
sulfate particles are kept in suspension by the mixing action of the 
compressed air. The oxidized washing fluid overflows into the mixing 
channel, a pipe launder, between the oxidizer and the thickener. 

Neutralization and pH Adjustment 

In the mixing channel, slurried lime, Ca(OH)„, is added to the washing 
fluid to replenish calcium ions consumed by the formation of gypsum in 
the oxidizer and to adjust the pH value to that required for S0„ absorp- 
tion. 

CaCOH)^ ^ Ca"^^ + 20H~ (5) 

and 2HC00H + Ca"*"^ + 20H~ »> Ca"*"^ + 2HC00" + 2H2O (6) 

The sulfuric acid formed in the oxidizer (Equation 4) is converted into 
additional gypsum. 

2H"'" + S07^ + Ca''"^ + 20H" »- CaSO, • 2H„0 (7) 

4 4 I 2 

A small amount of formic acid is added to make up for losses of the cal- 
cium salt in the wet filter cake produced downstream and for traces of 
formic acid vapor with the flue gas from the rotopart. If the flue gas 
does not contain chlorides, a small amount of hydrochloric acid will also 
be added. Turbulence in the mixing channel provides thorough distribu- 
tion of the added chemicals . 

Gypsum Separation 

The gypsum crystals formed in the oxidizer and mixing channel are separated 
from the washing fluid in the thickener. The separation is achieved by re- 
ducing the fluid velocity below a maximum design level so that individual 
CaSO^ • 2H2O crystals settle to the bottom. The crystals (10-30% slurry) 
are pumped from the bottom of the thickener to a vacuum filter. The 
vacuum filter produces a gypsum cake containing approximately 77% solids 
(23% free HO). The dry cake is a high grade gypsum (95-97% CaSO • 2H 
with less tRan 0.5% CaSO^ • 1/2 HO) with the grade dependent on the quality 
of the lime supply. The filtrate is recirculated to the thickener. The 
clear overflow from the top of the thickener is returned to the ROTOPART 
as washing fluid which provides a closed washing fluid loop. 

Gypsum Byproduct Quality 

A final process step can be utilized to produce a gypsum grade suitable for 
wallboard manufacture. The gypsum filter cake is reslurried in a sulfuric 
actd solution to remove the iron compounds from the cake. The gypsum is de- 
watered with a centrifuge where wash water is required to reduce the chloride 
level In the gypsum. 
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A uxiliary Systems 

A lime storage and slaking system Is provided to prepare and distribute 
the lime consumed by the process. A combination of clean makeup water 
and washing fluid are used to slake the lime to a 10 to 20% Ca(OH)„ 
slurry. From the lime slurry surge tank the slaked lime slurry is 
pumped to the mixing channel and mixed with the washing fluid. 

Equipment packages are also included for storage and distribution of 
the following chemicals : 



1. Formic acid (90% HCOOH) is added to the mixing channel to provide 
calcium formate, Ca(COOH) which h\ 
the ROTOPART absorber and oxidizer. 



calcium formate, Ca(COOH) which buffers the washing fluid pH in 



2. Ferric chloride (30% FeCl ) , is added to the oxidizer to catalyze 
the oxidation reaction. 

3. Anti-foulant Is added to washing fluid samples before the pH 
meter probes to avoid deposits. 

4. Flocculent is provided for use only when there is a high fly 
ash particulate load, 

5. Hydrochloric acid (31.5% HCl) is added to the mixing channel 
when the flue gas does not contain chlorides, 

CONVENTIONAL SCRUBBING SYSTEMS 

When S0„ is absorbed in a conventional wet scrubbing system, an equili- 
brium between bisulfite and sulfite ions exists. 

(8) 

The calcium ions combine with the sulfite Ions to form a precipitate. 

Ca"^^ + SO^^ + 1/2 H2O •- CaSO^ « 1/2 H2O (9) 

The formation of CaSO_ • 1/2 H„0 creates special problems. Calcium sul- 
fite crystals are very small and do not settle readily. The particles 
thus circulated through the scrubber can cause a constant maintenance 
problem to the entire scrubbing system due to erosion and plugging. 

Moreover, the resulting "scrubber sludge" is difficult to dewater, has 
a high COD, and requires a large pond for disposal. Also, the loss of 
chemicals in solution is high resulting in a high usage of calcium in 
excess of stoichiometric required. 
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DAVY S-H PROCESS ADVANTAGES 

Calcium Bisulfite Solubility 

Most lime /lime St one processes require a liquid waste stream to maintain 
chloride concentrations at an acceptable level. The Davy S-H Process not 
only tolerates chlorides without corrosion problems, the process is en- 
hanced by them and normally does not require a liquid purge. The presence 
of chloride Ions increases the solubility of calcium hydroxide and other 
salts. The increased solubility and the use of a buffer allows efficient 
SO^ scrubbing to occur at a lower pH than in conventional scrubbing systems. 
The equilibrium of Equation 8 is shifted to the left with the result that 
SO^ ions are not available to react with Ca ions. Thus, calcium sulfite, 
CaSO^ • 1/2 HO, precipitate is not formed, as the water soluble calcium 
bisulfite, Ca(HSO ) forms in the absorber. 

Oxidation to Gypsum 

Complete oxidation to gypsum is an essential part of the process. Since 
the washing fluid leaves the ROTOPART at an already ideal pH range for 
oxidation, the need for an additional acidifying step is eliminated. The 
formation of the large gypsum particles, compared to fine sulfite particles, 
allows the liquid to be easily separated from the gypsum particles in the 
thickener. The clear thickener overflow is recycled to the ROTOPART as 
washing fluid. 

The advantages of not forming a precipitate in the scrubber or circulating 
a slurry through the scrubber are readily apparent. 

# Scrubber recirculation pumps and agitation equipment to 
maintain a slurry are eliminated. 

# Scale formation, incrustation, and the resulting plugging 
in the scrubber is prevented. 

# Erosion in the spray nozzles , lines and pumps and overall 
maintenance of the system is greatly reduced. 

# Power consumption is reduced in the washing fluid loop by 
circulating less liquid, resulting in a lower L/G ratio. 

Gypsum Byproduct 

Oxidation to form a stable gypsum has many advantages other than Inher- 
ent in the scrubbing system. 

# Gypsum of saleable quality can be produced. At Bewag 
Power Station, West Berlin, the gypsum to be produced 
will be sold to manufacture wallboard and ceiling panels. 
Gypsum can also be sold as a raw material for cement manu- 
facture. 
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# Gypsum is easily dewatered and suitable for stacking. 
If the gypsum cannot be sold, stacking is required, 
but utilizies only about 60% of the land necessary 
for sulfite sludge which requires a sludge disposal 
pond, 

# Loss of additives is minimized because of the better 
dewatering properties of gypsum. The calcium consump- 
tion is about 1.02 times stoichiometric. 

# Gypsum is chemically stable (low COD) and more environ- 
mentally acceptable than calcium sulfite sludge. 

Simplicity and Reliability 

Operating and maintenance manpower requirements are low due to the 
simplicity of the process. Operating personnel can be recruited from 
within the power station. 

All equipment in the system is made of carbon steel. Where the equip- 
ment comes in contact with a low pH fluid (absorber, oxidizer, outlet 
gas duct), it is protected with a rubber lining or a thermally hard- 
ened epoxy coating to achieve a flexible surface that is resistant to 
the effects of corrosion and abrasion. 

The process has consistently shown desulfurization levels of 90-95% 
based on one hour averages over a wide range of S0„ concentrations 
and fluctuations in flue gas flow. Reliability for the first year 
of operation has exceeded 98% with no shutdowns due to scrubber 

plugging. 

The automatic control system responds quickly to upsets or load changes 
to maintain required stack gas SOj concentration or percent S0„ removal. 
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DAVY S-H PROCESS 
Summary of Advantages Over Lime/Limestone Slurry Systems 



Competitive capital and 
operating costs 

Lower maintenance costs 

Minimum operator manpower 

Simple operation to control 

Reliability proven to exceed 
98% without standby units 

S0„ removal efficiency up to 
951 guaranteed 

Modular designed units with 30 
to 120% operating range 

No slurries in absorber or 
agitator for slurry required 

Closed loop system with clear 
alkaline scrubbing liquor 

Low L/G ratio of 10 to 60 gal/ 
mscf depending on flue gas SO^ 
content and percent removal 

Low power demand of 0.5 to 1.5% 
of total power plant output 



Carbon steel equipment with rubber 
or epoxy lined absorber and oxidizer 

No corrosion problems 

No scaling or plugging 

No shutdowns for cleaning 

Environmentally acceptable gypsum 
product 

-No sludge 

-No liquid wastes 

-No additional stablilization 

-No ponds or liners required 

Gypsum stack minimizes land required 

Gypsum product quality suitable 
for wallboard or cement manufacture 

Minimum loss of chemicals with low 
water content in gypsum 

Lime consumption is about 1.02 times 
stoichiometric required 



DAVY S-H PROCESS IMPROVEMENTS 

Saarberg Hoelter have a development program in progress to optimize the 
process and reduce costs. Items under investigation are as follows: 

1. ROTOPART absorber and oxidizer design 

2. Thickener type and size 

3. Gypsum drum filter size 

4. Limestone to replace lime 
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DAVY S-H PROCESS 

ECONOMICS - U.S. DOLLARS 
500 MW UNIT 



FGD Unit Design Basis 

Coal Fired Power Plant 

Coal HHV = 10,500 Btu/lb 

Heat Rate = 9,000 Btu/KWh 

3.5% Sulfur Coal (dry basis) 

Flue Gas = 1,055,900 SCFM 

SO- Concentration = 0.24 Vol. % 

SO^ Removal = 90% 

Absorber Trains, 3-50% Capacity 

Capital Cost (Order of Magnitude) 

500 MW Unit Installed Cost, Mld-1980 

Direct Operating Costs (1) 



Raw Materials 
Lime 

Other 
Total Raw Materials 

Utilities 

Electricity 
Process Water 
Steam(W/0 Reheat) 

Total Utilities 

FGD Operating Manpower 

Gypsum Stacking Manpower 

Analyses 

Maintenance 

Total Direct Operating Costs 



$45 Million 



$90/KW 



Annual 
Consumption 


Unit 
Cost,$ 


Annual 
Cost,$M 


66,000 tons 


50.00/ton 


3,300 

150 

3,450 


45,000,000 KWh 
100,000 Kgal 
60,000 MMBtu 


0.03/KWh 

0.12/Kgal 

2.00/MMBtu 


1,350 

12 

120 

1.482 


19,600 man-hr 


12.50/man-hr 


245 


43,800 man-hr 


12. 50 /man-hr 


548 


3,220 man-hr 


17.00/man-hr 


55 


— 





1,350 



7.130 



(1) Power unit on-stream time, 6,000 hr/yr. Utility, manpower, and 
maintenance costs from TVA Report "Economics and Energy Require- 
ments of Sulfur Oxides Control Processes," March, 1979. 
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DAVY S-H PROCESS 

PLANT PERFORMANCE 
GEBMANY 



TEST PLANTS 



Pilot Plant for Sinter Belt Off-Gases 



Plant capacity 1900 SCFM. SO- removal was 90-95% together with high degree 
of particulate removal . 

Demonstration Plant for Flue Gas from 25 TPH Waste Product Incinerator 

Plant capacity 19,000 SCFM with simulataneous removal of HCl, HF and SO . 
Removal levels maintained were 982 for both HCl and HF and 90Z for SO with 
wide variations in Inlet SO. concentration. 

COMMMERCIAL PLANTS 

Saarbergwerke Weiher II 

At the Saarbergwerke Weiher II coal fired 125 MW boiler, the S-H Plant treats 
85,000 SCFM flue gas, equivalent to 40 MW, approximately 30% of the total 
flue gas. The unit operated over 20,000 hours with 96% availability. 

VESA Chemle. Gelsenkirchen 

The S-H unit is operational at the Gelsenkirchen plant of Veba Chemie. The 
unit removes 90% of the SO in 22,000 SCRI of combined tail gases containing 
as much as 13,000 ppmv SO from two Claus sulfur plant incinerators and a 
sulfuric acid plant. 

Saarbergwerke Weiher III 

The S-H unit for the Saarbergwerke Weiher III 700 MW coal fired boiler has 
been in operation since March, 1979. The until treats 25% of the flue gas, 
390,000 SCFM, equivalent to 175 MW. The plant has proven the reliability of 
the S-H FGD system during the first year of operation with 98.7% on stream 
availability from initial start-up. The coal sulfur content is 1.2% and 
required flue gas desulfurization is 80%. The plant has demonstrated 95% 
SO^ removal. Power consumption is 1.25% of 175 MW. 

The system responds well to load changes with a proven guarantee to handle 
load changes of 10% per minute with an operating range of 30 to 105%. The 
mechanical equipment guarantee was for 8,000 hours or 2 years. 

A second 175 MW unit will be installed at Weiher III. 

TWo operators per shift will cover the No. 1 and No. 2 FGD units, as no 
additional personnel will be required to operate the second unit. 
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A 150 MW S-H FGD unit, 270,000 SCFM, will start-up in late 1981 and a second 

Identical unit will start-up one year later. The boilers are fired with fuel 
oil containing 1.4% sulfur. Guarantees Include 95% operability for three(3) 
years with S0„ removal greater than 90% and 20 to 110% operating range. Guar- 
anteed power consumption is 0.95% for the first unit and 0.87% of 150 MW for 
the second unit. 

The gypsum product will be used for wallboard manufacture which requires the 
gypsum filter cake to be reslurried with sulfuric acid addition followed by 
a centrifuge which reduces the free water content to 10%. 

Voelklingen 

A 230 MW FGD unit, 515,000 SCFM, Is scheduled to start-up April, 1982 at a 
coal fired power plant. Guarantees include 95% operability for three(3) 
years with HCl and HF removal greater than 90% and SO^ removal greater than 
80% as required by law. Operating range flexibility guaranteed is 40 to 
100% and equipment guarantees are for 8,000 hours or 2 years. Guaranteed 
power consumption is 1.0% of 230 MW. 

Tlie installation arrangement will be unique as the FGD unit will be enclosed 
in a building in the center of a natural draft cooling tower. Therefore, 
stack gas reheat and a flue gas stack are not required. 
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SAFE DISPOSAL OF HETAL FINISHING TREATMENT SLUDGES 

by 
Kenneth R. Coulter, Environmental Committee, 
American Electroplater ' s Society, Scarborough 

With the rapid expansion of •ffluent treatment in metal finishing plants 

in North America the con-committant increase of sludges generated by 

treatment has greatly increased concern for the disposal of these 

sludges. 

With many jurisdictions refusing to accept these sludges in landfill and 

with the development of regultitions in the U.S. and the Resource Conserve 

and Recovery Act it was seen by industry and U.S. E.P.A. that a study 

need be done to determine how these sludges would respond to a proposed 

extraction procedure and how tViey would behave in a segregated land 

disposal. 

A co-operative agreement was drawn up between the American Electroplaters 

Society and the U.S. E.P.A. 

The A.E.S- apointed a technical cliroctor, a task force of knowledgable 

people from its membership and an engineering and laboratory company to 

carry out the project. 

The programme had three phases. 

- Phase I characterizes chemically and physically the solid and liquid 
portions of the sludges - 12 representative samples were obtained from 
industry. 

- Phase II was designed to simulate mors closely a segregated landfill 
containing hydroxide sludges. 

- Phase III was a field test where soil samples were taken beneath a 
t«n year old sludge bed. 

This paper will report on the results and indicate the conclusions 

drawn from this work. 

Note: No formal paper was made available by the author for inclusion 
in these Proceedings. 
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THE LANDSPREADING OF REFINERY WASTE SLUDGES 



by D.J. Morris 



INTRODUCTION 

Prior to 1978, Imperial Oil's Sarnia refinery disposed of the 
relatively small quantities of waste sludges primarily through local 
incineration firms. The introduction of secondary treatment systems, 
starting in the mid-1970's, however, has increased sludge volumes sub- 
stantially. Oily sludges consisting of varying amounts of oil, solids 
in the form of sediment, and water, as shown in Table 1, come prim- 
arily from fine-oil-removal processes and cleaning operations. Waste 
activated sludge, a suspension of bacterial cells from activated 
sludge plants, represents an equally large volume of sludge requiring 
disposal. At the same time as sludge volumes have increased, inciner- 
ation costs have been sky rocketing. Hence, Imperial Oil began to 
look at alternatives. 

In 1976, studies were begun on the use of landspreading (1) 
as a means for disposal of continuously produced sludges at the Sarnia 
Refinery, The first study used 10 plots of approximately 100 m* 
each, to which various amounts of oily sludge and fertilizer were add- 
ed. This was followed by two studies in 1977: a 0.8 ha area for oily 
sludge and a 1.6 ha area for waste activated sludge disposal. In 
1978, a full scale operation covering 6.4 ha was started up at the 
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Sdrnia Refinery based on the results of these test areas. 
Simultaneously, work was progressing at other Imperial Oil refineries 
and, in 1979, a test site was operated at the Dartmouth Refinery. 
Preparations are under way at the Montreal Refinery for a test site to 
begin operation in 1980. Full-scale landspreading operations will 
proceed at the Dartmouth Refinery starting in 1980 and are planned for 
the Montreal Refinery in 1981, subject to approval. The loco Refinery 
has, for several years, successfully disposed of oily sludges using a 
combined landspreading and composting technique. This paper describes 
some of the factors which can affect the design and operation of a 
landspreading site, with particular reference to the results at the 
Sarnia site. 

SITE CHARACTERISTICS 

There are many factors which can influence the design and 
operation of a landspreading site, as listed in Table 2. One of the 
most important is the climate. Landspreading operations, as with any 
farming-like activity, are very dependent upon the weather. The frost 
free period in Eastern Canada averages 7-8 months. However, since 
soil microbes grow fast only at temperatures above 5°C (2), the 
effective landspreading period is reduced to about 6 months, from 
early May until late October. A second significant aspect of the 
climate is the rainfall. After accounting for days lost because 
rainfall has made the site too wet to work, only 100 to 120 days are 
left out of the year for landspreading operations. 
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The topography and soil characteristics are other factors 
which must be considered during the design of a landspreading site. 
The Sarnia site is located on a relatively flat field which had been 
used for farming in the past. Typical of clay, the soil permeability 
at the Sarnia site is in the order of 10"' cm/s, lower than is 
desired for good surface drainage. The cation exchange capacity, or 
CEC» which measures the capacity of the soil to adsorb cations, is 
about 30, again typical of clay. 

Since soil acts to adsorb the dilute contaminants in water, 
it is important to have a relatively low water table and sufficient 
soil cover over the bedrock. Depths of 30 m or more are recommended 
for the ideal site (3). The 15 m or more depth to groundwater and 
bedrock, although less than the ideal, is still enough that 
groundwater contamination is unlikely. 

SITE PREPARATIONS 

The Sarnia site had previously been used for fanning and, 
therefore, no extensive clearing operations were required. However, 
the very low soil permeability prevented the soil from drying 
adequately after heavy rains, as discovered during the 1976 test. The 
1977 test area, under which drainage tiles were installed, was much 
more successful and became a model for the full scale Sarnia 
landspreading site. Because landspreading can only be carried out for 
half of the year in Canada, storage facilities must be provided for 
the winter months. The very low permeability clay in the Sarnia area, 
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although creating drainage problems for the landspreading site, makes 
an excellent liner for a storage basin. Each of the two basins dug at 
the site has the capacity to store one full year's production of 
either oily or waste activated sludge- An extensive system of 
roadways was installed, dividing the site into 8 equal areas, 6 for 
oily sludge and 2 for waste activated sludge. Most of the roadway 
system was designed for use in good weather only. This acts as a 
fail-safe mechanism to prevent the inadvertent spreading of oily 
sludge during adverse conditions. All-weather roadways were only used 
to permit access to the storage basin areas. The roadways are 
elevated so that they also function as dikes, thus preventing any 
runoff from the site. 

Seven monitoring wells were installed for sampling the ground 
water beneath the site. Three of these collect water from a depth of 
2.5 to 6m and the remaining 4 collect water from 1 to 2.4 m below the 
surface. 

OPERATION 

The two main processes in the land disposal operation are the 
spreading, which should give a thin, even layer of sludge, and the 
tilling, which mixes the sludge into the soil and aerates the soil. 
Before spreading begins each spring, the site is fertilized with 
commercial fertilizer at a rate of HO kg N/ha. Spreading then begins 
as rapidly as weather and degradation rates permit to ensure that the 

storage basins are emptied by the next autumn. 
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Several spreading techniques were tested at the Sarnia site. 
These included a hand-held hose from a vacuum truck, a liquid manure 
spreader, an irrigation sprinkler system and a vacuum truck with a 
spray nozzle. The main features being looked for were thin, even 
spreading with a minimum of handling. The last method was finally 
chosen for use at the Sarnia site. Sludge is transferred to the 
landspreading site by vacuum truck. At the landspreading site, the 
vacuum truck is fitted with a spray nozzle and the truck then drives 
up and down the length of the landspreading areas, spraying the sludge 
out to the side, across the landspreading area. This operation is 
similar to what can be done with a manure spreader, except the vacuum 
truck has a larger capacity and, therefore, requires fewer trips. 
After 6-10 vacuum truck loads (120-200 mVha) of oily sludge have 
been spread on a given area, the area is left to dry for 1-2 days. 
Within 2 days of good weather, the area has usually dried sufficiently 
to allow it to be tilled with a disk-harrow. A couple of passes with 
the disk-harrow completely mixes the oily sludge into the top 15-20 cm 
of the soil. The same equipment can be used for subsequent aeration 
of the soil on a biweekly or monthly basis although areas seldom go 
more than a month before their turn in the spreading rotation comes up 
again. 

The same vacuum truck method is used for spreading waste 
activated sludge. The activated sludge fields, however, are generally 
not tilled. The sludge rapidly dries and, within a few months, 
becomes assimilated into the soil. 
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MONITORING 

Good control of a landspreading site depends upon precise 
knowledge about the condition of the site at any time. In addition, 
close monitoring is required to minimize any impact of the site on the 
general environment. Table 3, lists the parameters which are 
monitored at the Sarnia site. In the soil, oil content and pH are 
monitored on a regular basis, no less frequently than monthly. The 
data are used as operating guides. Further oily sludge additions are 
stopped whenever the oil content goes above 10%. If the soil pH drops 
to 6.5, lime must be added to prevent solubilization of trace metals. 
In addition, a variety of trace metals are monitored in the soil 
annually, both to follow the buildup of trace metals at the surface of 
the soil and also to watch for any sign of trace metals migrating into 
the subsurface soil. Nitrogen and phosphorus levels in the soil are 
determined at the beginning of each year to ensure that there ire 
sufficient levels of these nutrients to maintain good microbial 
activity. Ground water collected in monitoring wells is analyzed 
monthly for a variety of potential contaminants, some of which are 
derived from the sludge and others which may come from excessive 
fertilization. A few of the parameters are monitored by request of 
the regulatory agencies because they are common ground water quality 
parameters. 

Figure 1 shows the seasonal variation of the oil content at 
the landspreading site in Sarnia. The full scale site began operation 
in late August 1978. Prior to spreading, the soil contained 
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approximately 0.1 wt% oil (carbon tetrachloride extractable 
hydrocarbons). Between late August and mid-October approximately 1400 
m* of oily sludge were spread on the site. This high spreading rate 
raised the oil content of the site to an average of 8% by the end of 
spreading. Through the 6 winter months the oil content declined to an 
average of 6% over the site. Some of this degradation would have 
occurred on the occasionally sunny day in November with a majority of 
the decompositon probably taking place between mid-March and the first 
sampling in early May. Through the month of May, 1979, despite the 
renewal of spreading, the oil content on the site fell by almost a 
half to an average of 3.5 wt%. Through June, July and into August, 
the oil content continued to fall until it reached a minimum of 3 wt% 
in mid August. Part of the reason for this decline was the fact that 
the sludge in the storage basins had settled over the winter and the 
material pumped from the basin in the early part of the year was 
unusually watery. In almost a duplication of the 1978 phenomenon, the 
oil content began to rise steeply after mid-August. This probably 
resulted from a combination of two factors: (1) the cooler, wetter 
weather in the fall inhibiting the degradation and, (2) by this time 
of the year, the material being pumped from the basin consisted mostly 
of the thick heavy sludge which had settled out over the winter months. 

The two lower lines in Figure 1 show the oil content of the 
subsurface soil at 30 and 50 cm respectively. The 30 cm depth lies a 
mere 10-15 cm below the mixing zone for the oily sludge. Hence, it is 
not surprising that the oil content has risen somewhat at this level. 

- 177 - 



At the 60 cm level, no significant increase in oil content has been 
observed. The clay soil at Sarnia retains the oil at the surface of 
the soil very wel 1 . 

Between May and October, 1979, a total of almost 7 000 m* 
of oily sludge were disposed of on the Sarnia landspreading site 
representing a degradation rate of approximately 230 m* of 
oil/ha/year. This is a substantial rate considering degradation takes 
place over only 6 to 7 months of the year (4). 

In addition to oil, sludge contains varying amounts of trace 
metals. Therefore, one would expect trace metal concentrations in the 
soil to increase as spreading continues. As Table 4 shows, this is 
indeed what happens. The five metals for which results are given are 
all of environmental concern and also are typical of the behaviour of 
the other 27 which are monitored. Sixteen months after the operation 
began, trace metal concentrations in the surface soil have risen by up 
to 4-fold. However, concentrations in the subsurface soil are 
essentially unchanged from the levels observed before spreading 
began. The data scatter at cadmium concentrations so close to the 
detection limit makes interpretation difficult at this time; future 
samples are needed to identify a trend for this metal. 

Soil monitoring is used to assist the operation of the site 
and can also provide a warning of potential contamination, but it is 
the ground water monitoring which really provides the assessment of 
the environmental impact of the operation. Contamination of the 
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ground water could shut down the entire operation. From the long list 
of monitoring parameters in Table 3, I have chosen three to discuss in 
more detail: these are oil, phenol and nitrate. The behaviour of 
these is typical of the other parameters. One group of contaminants 
which is always of concern is the trace metals. However, trace metal 
concentrations in the groundwater were generally below detection 
limits prior to spreading and have remained there since spreading 
began. 

Before spreading began on the Sarnia site in 1978, several 
groundwater samples were collected from each well. These provide a 
base case for comparison with subsequent results. Many samples 
contained undetectable levels of oil, phenol or nitrate, but 
occasionally high values were observed. There was no detectable 
difference between the deep wells and the shallow wells at the time. 

As can be seen in Table 5, oil and phenol levels appear to 
have decreased since spreading began. Although this decrease may have 
a trivial cause, it is quite obvious that, at the \/ery least, oil and 
phenol are not leaching into the groundwater from the landspreading 
site. The majority of the other groundwater monitoring parameters in 
Table 3 similarly show no significant change since spreading began. 
Although the data in Table 5 are from the Sarnia site, identical 
results have been observed at the Dartmouth site. 



- 179 - 



The nitrate concentrations, on the other hand, while 
unchanged in the deep wells, indicating that nitrate is not leaching 
deep down towards the groundwater, have tripled in the shallow wells 
since spreading began. The levels observed in the shallow wells are 
still well below the drinking water standard of 10 ppm of nitrate-N 
(5) and do not present an immediate danger, but the results do show 
that shallow wells can detect potential contamination before it 
reaches the groundwater. Similar behaviour was observed with ammonia 
and phosphate, which could indicate excessive fertilization rates (4) 
on the oily sludge disposal areas or could result from the waste 
activated sludge disposal. The waste activated sludge contains enough 
nitrogen to accumulate three times the amount that would result from a 
normal fertilization rate (4,6,7). 

In 1979, a pilot scale landspreading site was operated at the 
Dartmouth Refinery under quite different conditions: the soil is a 
fine silt having a much lower cation exchange capacity and a higher 
permeability, the site is on the side of a hill and susceptible to 
erosion by runoff water, and the groundwater is within 2 m of the 
surface. Despite the different site characteristics, the results have 
been almost identical. Oil and trace metals accumulated in the top 15 
cm of soil while the oily sludge was being spread. When spreading 
stopped, the oil was rapidly decomposed. No increase in oil or trace 
metal concentrations was observed below the surface 15 cm of soil. 
Contaminant levels in the groundwater, after spreading, were as low or 
lower than had been observed prior to spreading. A similar test is 
being planned at a site in the Montreal Refinery. 
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CONCLUSIONS 

These results show that landspreading can be a viable 
disposal method for both oily and waste activated sludges, under 
diverse and sometimes adverse conditions of topography, soil type and 
climate. Although some landspreading operations use a cyclic 
operation, in which oily sludges are applied to a level of 
approximately 8 to 10% oil and then are allowed to decompose to <2% 
over 2-3 months, we have found that a continuous application method in 
which fresh sludge is applied every 2-3 weeks works very well. We 
have achieved disposal rates of >200 m* of oil per ha per year 
even though the operation is restricted to 6 months of the year, with 
sludge being stored for the remaining 6 months. Close monitoring of 
the site condition is a key to a good operation. Surface soil 
monitoring guides the operators in making the best use of the areas 
and preventing overloading of any specific area. Subsurface soil 
analyses and shallow monitoring wells can provide an early warning of 
potential contamination before that contamination reaches the ground 
water. However, we feel that contamination of ground water is 
unlikely with a properly managed landspreading site, since major 
contaminants such as hydrocarbons and trace metals are tightly 
retained by surface soils, even with soils which have somewhat low 
adsorption capacities. Given a conscientious group of operators and a 
close monitoring program, landspreading can be an environmentally safe 
disposal method for most waste oily and biological sludges. 
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TABLE 1 



SLUDGE CHARACTERISTICS 



Oily Sludge* Waste Activated Sludge 



Oil Content (wtX) 



1-30 



<.01 



Solids Content (wtX) 



1-20 



1-10 



Water Content (wtX) 



50-98 



90-99 



Trace Metals (mg/kg Solids) 1-10000** 



1-10000*^ 



* Primarily from fine oil removal (filter backwash, OAF froth, etc), 
separator cleanings and tank cleanings. 

** Depending on the metal. Aluminum and zinc are among the highest, 
cadmium and molybdenum are among the lowest. 
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TABLE 2 

SITE CHARACTERISTICS 



Sarnia 



Climate: 



Frost-Free Days 
Rainfall, May-Oct (cm) 
Rain Free Days, May-Oct 


235 

45 

130 


Topography 




Flat 


Soil Type 




Clay 


Permeability (cm/s) 




<10- 


CEC (meq/100 gm) 




30 


PH 




7-7.5 


Depth to Bedrock (m) 
>30 




>15 



Depth to Groundwater (m) 



■vis 



Ideal (3, 8, 9) 

365 

<156 Slope 

Sandy Loam/Clay 

10-^-10-* 

>30 

>6.5 

>30 

>30 
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TABLE 3 
PARAMETERS MONITORED 



Surface and Subsurface Soil 

• Oil Content 

• pH 

• Trace Metals 

• Total Nitrogen and Phosphorous 

Groundwaters 

• on 

• Total Organic Carbon 
« Phenol 

• Trace Metals 

• Nitrate, Ammonia, Phosphate 

• Chloride, Sulphate, Conductivity 

• Total Inorganic Carbon 
t pH 
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TABLE 4 



t 
I 



Cadmium 

Copper 

Nickel 

Lead 

Zinc 



TRACE 


METALS LEVELS 


IN SOIL 


(MG/KG) 


of Spre 


ad^ 




Before 


spreading 
Range 




After 16 Months 


ing 


Avg 


Surf 
Avg 


ace Soil 
Range 


30- 
Avg 


60 


cm Depth 
Range 


4.1 




1.9-8.4 


<7.9 


<2.8-19.6 


<7.2 




<2.2-27.4 


m 




13-32 


110 


77-167 


31 




15-63 


m 




23-38 


52 


39-72 


^3 




26-41 


n 




11-20 


<55 


<42-88 


<17 




<32 


m 




25-92 


195 


140-265 


tl 




57-116 



00 
00 



TABLE S 
GROUNDWATER QUALITY AT SARNIA 





Oil 
Avg 


Range 


Before Spreading 


0.9 


<0. 1-3.8 


After Spreading 






Shallow Uells 


0.5 


<0. 1-2.5 


Deep Well 


0.3 


<0. 1-1.3 



Phenol 



Avg 


Range 


11 


<2-20 


S 


<2-15 


6 


<2-16 



Nltrate- 


■N (ppra) 


Avg 


Range 


1.2 


<. 05-3.0 


3.8 


<.05-10 


1.3 


<.05-5.5 
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FIGURE 1 



OIL CONTENT OF SOIL AT SARNIA LANDSPREADiNG SITE 
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INTRODUCTION 

In the late 1950s and early 1960s, the public began to awaken to 
the problem of air pollution. The public was stirred by their 
awareness of the extremes to which v/ater pollution had progress- 
ed in many rivers and lakes, by the increasing perception of 
visible smog and harsh chemical odours and by medical findings 
which identified air pollution as a probable cause of many 
ailments and diseases. 

Anti air pollution activities centered at first on the metals 
industries. Smelters the world over vaporized and condensed 
millions of tons of potentially hazardous substances. The 
joint efforts of public and private agencies and most notably, 
industry itself, have resulted in very substantial reduction in 
emissions from these plants. Today the metal industry ranks 
third on the list of industrial particulate polluters contribut- 
ing only 13.5% to the total of all those emissions. Ranking 
second is the general category of fuel combustion, contribut- 
ing 33%. In first place is the crushed stone, lime and cement 
industry contributing 34% of all industrial particulate 
emissions. (1) 

The problem for the crushed stone industry in complying v;ith 
these emission standards, is not a lack of existing technology, 
but rather in finding a technology that is cost permissive with- 
out sacrifice to plant performance. The purpose of this paper, 
is to investigate existing techniques of fugitive dust control 
and to analyse both the technological and economical aspects, 
as related to the crushed stone producer. 

Let us begin with a review of conventional techniques and then 
look at a new technique v?hich is both economical and practical 
for the Crushed Stone Producer. 
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CONVENTIONAL TECHNOLOGY 

A. Fabric Filters ; 

Fabric Filter Systems normally consist of tubular bags made of 
woven synthetic fibres in which the dust laden air passes through 
the fabric while particles are collected on the upstream side 
by the filtering action of the fabric. The dust retained on 
the bags is periodically removed by various means and falls into 
the collection hopper for removal. The fabric filters usually 
provide very high collection efficiencies in excess of 99%. 

Although the use of this type of filter is not generally limited 
by high temperatures when applied to fugitive dust, there may be 
a minimum temperature limitation caused by dew point considerations 
that can cause blinding of bags and therefore high maintenance 
costs. Typical ancillary equipment associated with fabric 
filter systems include : a capture device, duct work, the bag house, 
fans and in those cases where a suction bag house is used, a stack. 
Special handling procedures must also be allowed for in the 
disposal of the collected fines. 

Bag houses provide high collection efficiencies if they are proper- 
ly designed with moderate pressure drop, but the initial cost 
±8 high. The finer the particulate captured, the higher the 
energy requirement and the lower efficiency. A Bag House may 
require considerable space, it may represent substantial maint- 
enance costs and be limited in application to areas which can be 
enclosed. This precludes its use in such areas as surge and stock 
piles and loadina and unloading areas "in ■f-he open. An asphalt plant 
for example, has only one basic point; the dryer, but in a crushing and 
screening plant, every component can be a potential source. 

B. Wet Scrubbers 

Wet scrubbers utilize water sprays to collect and remove particulate 
matter. There are many variations of wet collectors but they 
are generally classified as low or high energy. Low energy 
scrubbers include simple spray types, packed tov/ers or impingement 
plate towers. The water requirement may be three to six gallons 
per 1000 cu.ft. of gas and collection efficiencies are modest. 
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Tho principle mechanisms involved in Wet Scrubbing are: 

(1) increasing the size of the particles by collision 
and agglomeration with liquid droplets, so that 
they may be collected more easily and/or 

(2) traping the particulate in a liquid film and wash- 
ing them away. 

The high energy Ventury scrubber imparts a high velocity to the 
gas stream, by means of a converging-diverging duct section, and 
contact of the dust laden air stream with injected water. The 
high velocities provide increased collection efficiencies but, 
the pressure drop may range from ten inches to sixty inches of 
water. This requires an induced draft fan of very high power 
input, relative to the gas volume. 

A major shortcoming of Wet Scrubbers, lio;-. in the secondary v/atcr 
pollution problem which it creates. Dust laden liquid slurry must be 
treated in large settling ponds, which must be dredged from time to time, 

A secondary fault is that they create a saturated gas stream on 
the down-wind side which leads to a stream plume on cold or damp 
days that may be considered unacceptable. Host scrubbers, when 
used in a conventional way, have a limited capability fo con- 
trolling fine particulates. This is because most conventional 
scrubbers depend on some form of inertial collection of particulate 
as their primary method of capture. Collection efficiency 
decreases rapidly as particle sizes decrease because inertial 
forces become insignificant. As a result, it becomes necessary 
to greatly increase the energy input to improve the scrubbers 
ability to collect smaller particulate. Even with large energy 
inputs, the collection efficiency in the micron to sub-micron 
range is not particularly good. This is important when we consider 
that the particles ranging in size from 0.1 to 2.0 microns are 
the ones responsible for visible haze and smog and many respirable 
diseases. (2) 
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The ancillary equipment associated with VJet Scrubbers is generally 
the same as those associated with Fabric Filters. The main 
difference is in the handling of the collected particulates. Wet 
Scrubbers suffer from the same application limitations as 
Fabric Filters. 

C. Wet Suppression Systems 

Wet Suppression Systems are the least expensive of the three 

available systems but present problems which make them impractical 

for most crushing and screening plants. Water is used to dampen 

the surface area of the product to prevent dust from becoming 

air borne. This process is not as easy as it sounds, because 

water tends to agglomerate, which effectively reduces the surface 

covering capability. As a result, large amounts of water have 

to be added to the product to achieve full coverage. To overcome 

this problem, chemical wetting agents are added to the treatment 

water to reduce its surface tension, so that conventional 

atomizing nozzles can produce finer atomization. Smaller droplets 

are generally greater than 50 - 100 microns in diameter and up 

to 1% of the total product weight must be added to do an effective job. 

The primary benefits of Wet Suppression Systems are the low initial 
costs, ease of operation, effectiveness of dust control in plants 
where crushing is not performed and where the carryover effect onto 
stock piles or surge piles and loading facilities is required. 
These benefits, however, are far out weighed by the draw backs of 
such systems when applied to a crushing and screening plant. 
For example: 

1) The application of a wetting agent may be precluded 
by product specification for some critical materials. 

2) The ineffectiveness of the system when dust is created 
by a product consisting entirely of fine particles 
with relatively enormous surface areas. 

3) When secondary plant product requires fine screens, 
wetting will cause blinding. 
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4) When water quality is not suitable for moisture with 
a wetting agent or 

5) When the product has a greater tendency to absorb 
moisture. 

D, New Technology Requirements 

An effective system for the control of fugitive dust in the aggre- 
gate industry should achieve the following goals: 

1) be efficient enough to meet local and federal air 
pollution codes 

2) be designed for practicality in the aggregate 
industry 

3) have a lov/ initial cost 

and 
4 J carry the lowest initial operating cost 

The third and fourth goals are particularly important because 
expenditures for pollution control are generally not paid back 
to the producer and therefore cut deeply into the overall 
profitability of an operation. The three devices that we have 
just examined do not meet these criteria. 

E. Dry Fog Technology 

Basic research undertaken at the University in Sv/eden beginning 
in 1974 and put into practice in more than 150 installations since 
that time in Scandinavia, Europe and the United States prove 
that it v/as possible to actually filter fugitive dust out of 
the air, using the extremely fine atomization of vjater produced 
by Sonic Core Atomizing Nozzles; without wetting agents and 
without wetting of the dust source. (3) 
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At the outset, it was believed that if a sufficient number of 
v;ater droplets could be produced of approximately the same size 
as the dust particles, the probability of collision between the 
two could be extremely high, resulting in a single particle of 
greater mass that would fall back to its source. 

Studies undertaken by the Colorado School of ^'.ines, 1970 - 1976, 
confirmed these ideas. They found that a v/ater droplet about 
to impinge upon a dust particle or what is aerodynamical ly equivalent, 
a dust particle about to impinge on a water droplet; that when 
the droplet diameter is much greater than the dust particle, the 
dust particle simply follows the air stream lines around the 
droplet and little or no contact occurs. In fact, it is difficult 
to impact micron size particles on anthing, v;hich is why inertial 
seperators do not work well at these sizes. 

If, on the other hand, the water droplet is of a size that is 
comparable to that of the dust particle, contact occurs as the 
dust particle tries to follow the stream lines thus, the 
probability of impaction increases as the size of the water spray 
droplets decreases. This explains why water sprays are not very 
effective on respirable dust. Typical droplet sizes of 
200 - 600 microns are much greater than the respirable dust which 
is less than 5 microns, thus water sprays can be improved by 
designing nozzles which produce smaller droplets. (4) 

At about the same time. Dr. D.R. Spink of the University of 
Waterloo, Waterloo, Ontario was carrying on similar studies in 
a low energy scrubber, utilizing a pneumatic nozzle producing 
water droplets in the size ranges of 30 micron to 180 micron in 
size. Dr. Spink came to the same conclusions as the Colorado 
School of Mines but he made one more important discovery; that 
a decrease in resistance time did not affect the overall efficiency. 
His findings were published in June 1976 in the Canadian Journal 
of Chemical Engineering. (5) 
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In addition to this particle size theory, the results of the Swedish 
study indicated that there is another very significant phenomenon 
which occurs when sonicore nozzles are applied to dust suppression. 
That effect can be compared to an electrostatic percipitator in 
v;hich dust particles are charged and then collected on plates of 
opposit charge. It was found that dust particles created in a 
crushing plant generally carry a certain negative potential 
depending on the nature of the dust and the ambient conditions. 
The water droplets produced by the sonic atomization carry a charge 
that is strongly positive in relation to the dust particles. The 
end effect is that probability of a collision between a water droplet 
and a dust particle is greatly increased from this special 
probability, implying the need for fewer water droplets to 
ensure a desired efficiency. 

To the aggregate producer, this means that a nozzle generating 
a dense fog of 1 - 10 micron size droplets, can be used to envelop 
and smother dust particles at their source and to prevent them 
from becoming airborne. The only industrially acceptable and 
available device for producing this dense fog of extremely fine 
droplets is the Sonicore Atomizing Nozzle. 

p. Sonicore Atomizer 

This unique patented nozzle is an air-driven device for atomizing 
liquids by introducing them into a field of high frequency sound 
waves. The air is accelerated beyond the speed of sound through 
a convergent-divergent orifice, creating shock waves and passing 
them into a resonator cavity where they are reflected back to 
amplify subsequent waves. The result is an intense field of 
Sonic energy focused between the nozzle body and resonator cavity. 
Any liquid capable of being pumped into the Sonic shock zone is 
vigorously shattered into very fine droplets. Because they do 
not use hydraulic pressure for atomization, Sonicore nozzles 
operate at very low liquid pressures by incorporating relatively 
large liquid orifices. In addition, the nozzles are self- 
cleaning by their sonic nature. Particles larger than the liquid 
orifices that could cause internal plugging, are filtered out easily. 
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G. The Dry Fog Systerr 

A complete Dry Fog Dust Suppression System is a sollution to 
fugitive dust problems and generally consists of the following 
components : 

1) Engineering necessary to place spray nozzles, modify 
existing equipment enclosures, size and specify piping 
and wiring and controls to operate the system manually or 
automatically as a function of customer requirements. 

2) Custom design spray bars for each individual application 
point which are easy to install and maintain. 

3) A centrally located control panel or panels, depending 
on the system requirements that allow control and tun- 
ing of the individual spray points from a central 
location. 

4) A compressor facility sized to handle the requirements 
of the total system and designed for a maximum service 
life in a particular environment. 

5) Specially designed piping systems to inter-connect 
the various components of the system which incorporate 
thermal installation and electrical heat tracing in 
colder environments. 

6) A water filter system that will protect the spray nozzles 
and other water components from the undesolved solids 

on most plant water systems. 

Each of the above-mentioned components and services are integrated 
to a total systems concept that will provide highly efficient and 
low cost operations over a very long service life.. 
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H. Freeze Protection 

One of the most commonly asked questions regarding the performance 
of the Dry Fog Dust Suppression System concerns problems related to 
cold weather conditions. There are tv/o general areas that must be 
discussed to properly answer those questions. The first concerns 
the water droplets when formed and introduced into the sub-freezing 
condition, and the second concerns the transportation of the water 
and compressed air from its source to the nozzles. 

VJe are all familiar with snow making machines that are commonly 
used in ski areas, to produce artificial snow. These machines 
atomize high flows of water into relatively coarse droplets 
which then freeze to form a rather dense snow-like material when 
exposed to the ambient sub-freezing conditions. Most of us also 
know that clouds exist as tiny water droplets suspend in the 
atmosphere because of their very light v/eight. Those tiny droplets, 
when agglomerated or grown by the condensation of moisture in the 
atmosphere, become rain drops or snow flakes, depending on the 
ambient temperature. 

Physicists tell us that there is a critical freezing mass for water 
droplets below which the water will not freeze and above which 
it will. That critical mass for water is approximately the 
equivalent of a 20 micron diameter droplet. Since the Sonicore 
atomizers used in the Dry Fog Dust Suppression Systems are producing 
droplets in the 1-20 micron range, those droplets will not 
freeze and the dry fog system v/ill continue to operate according 
to its normal principles. If, however, the water droplets produced 
by the Dry Fog System are allowed to agglomerate on surrounding 
surfaces, sheet work, shrouding, etc., freezing will take place, 
but if a system is properly installed and maintained, there will 
be no detrimental effect. 
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I . Supply Lines 

As can be seen from the discussion above, the only serious problem 
that is posed by sub- freezing temperatures, concerns the transpotation 
of the v/ater and air to the nozzle. That problem is overcome in 
the Dry Fog System by the utilization of a specialized insulation 
and heat tracing system in conjunction with a post purge system 
that removes all the water from the water lines and headers, upon 
shutdown each evening. 

J. Installation 

The normal scope of supply for a Sonic Dry Fog Dust Suppression 
System is spelled out in a previous section of this paper. Install- 
ation is normally handled by the customer or by his contractor. 
The installation of the Dry Fog System is generally very simple, 
it includes setting the compressor on a housekeeping pad in a 
protected environment; mounting the control panel supplied at a 
convenient location, preferably in a protected area; installation 
of air and v/ater lines from the compressor and water source to 
the nozzle locations by a plumbing contractor; and any modifications 
for shrouding around the conveyor transfer points or crusher and 
screens, which can be made from sheet metal, plywood or other 
substances. 

Power must be supplied to the compressor, generally at 550 volts 
and control panel power at 110 volts. The spray bars are installed 
at each of the specified locations, mounted on supporting angles, 
which may require some fitting. All spray bars are provided v/ith 
mounting brackets to facilitate installation. 

K. A Typical Example 

A typical aggregate plant producing specification stone and consist- 
ing of a primary crusher, a secondary crusher or crushers, screens 
and transfer points, would require a Dry Fog Dust Suppression 
System of approximately the following specifications: 
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specifications : 

40 nozzles mounted on the appropriate v/idth 
of spray bars, water required - 4 gal. per 
minute, which is equivalent to 6 gal. per hr. 
per nozzle, total air consumption would be 
approximately 24 CFM and total power con- 
sumption approximately 50 HP compressor or 
4.8 CFM per HP. 

The cost of that specification would typically run to 10% or 20% 
of the cost for a similar bag house installation and the operating 
cost would follow in a similar ratio. The total effectiveness of 
the system would be in excess of 95% suppression for each of the 
points, where as the effective ventilation system for the overall 
plant would probably be lower than that because of the difficulty 
of hooding and ventilating some of the fugitive dust sources such 
as screens and stockout conveyors. 

At the last stage of the process, the total increase to the moisture 
content of the bulk material handled would be less than one one- 
hundredth of 1% and there would be no foreign chemicals added to 
the material, which would affect its use in any downstream process. 
The reason for this is simple, only a very small quantity of water 
is required to suppress the dust of a very high bulk flov^ rate and 
the majority of the water used evaporates in suspension or from 
the product stresun. 

L. Case History 

At the present time, we have no case histories on Canadian installations 
due to the short period that they have been in operation. However, 
the National Board of Occupational Safety and Health in Stockholm, 
Sv/eden, recorded the following emission concentrations on July 2/76. 
They were recorded at a limestone processing aggregate plant, utilizing 
a dry fog system. 
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All readings are in mg/m 



Location 


Without System 


With System 


Reclaim Tunnel 


5.95 


D.80 


Crusher Feed 


72.63 


1.67 


Crusher Discharge 


192.98 


5.22 


No. 1 Screen 


2.66 


0.58 


Transfer Point 


15.10 


1.16 


No. 2 Screen 


10.80 


0.42 



Data such as that listed previously, gathered at many installations 

by the Swedish National Board of Occupational Safety and Health, 
have proven to thera that the Dry Fog System is the most effective 

system available. They have given their most complete acceptance 

to the Dry Fog System for use on Crushing and Screening Plants. 

There are now over 150 such systems operating successfully in 
Sweden and other countries. 

CONCLUSION 

The advent of the public's awareness of the need for pollution control 
has resulted in the formulation of several agencies for the enforce^ 
ment of current air pollution regulations. These various agencies 
were forced to demand the use of conventional air pollution devices 
to meet government regulations. As was shov/n in this paper, con- 
ventional devices were either impractical or cost prohibitive from 
the producer's stand point. This situation has lead to many stone 
producers' distrust for government agencies and environmentalists. 

However, it has now been demonstrated both in theory and in over 150 
installations, that the Sonic Dry Fog Dust Suppression System will 
satisfy environmentalists requirements for cleaner air, while alleviat- 
ing the financial burden imposed upon stone producers by expensive and 
impractical air pollution control devices. The Sonicore Atomizing 
Nozzle has shown itself to be a useful tool in solving many other 
pollution control problems and its continued development in these 
other areas is essential. 
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Dust controlled at source 
by sonic suppression system 
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Dry fog application 
handles wide range 
of particulate sizes 




Th* sonic Jtomiimg noizlei employed in the "drv fof" dust sup- 
preuion tyiltm are self-cleaning and will ngl ciag. System con- 
Uols include a sequencing circuit. Imear actuators or simple on off 
controls depending on site requiftments. 



Whfii silk a. limt-stiirn.'. i-t>nu-iit. 
at;i5rt'i!atf ami other ri's|jir- 
ahii' dusi ]>artii'lfs rariKi'iK >i> di- 
anii-ter fnnii n.l to mughly Tit iiii- 
tnins are airbftriie, they become an 
iiiTupatiiinal tiuisatiie. As a snurie 
iif phvsiial disriimfiirt, lost materi- 
als and wear im conveying pulleys, 
idlers, belling and nltitrirs, such 
dust is a stgnifK'ant factor in low- 
ered productivity and added oper- 
ating costs. 

One of the m(ire recent success- 
ful develojmients in the industry's 
campaign to control fugitive par- 
ticulates is a low cost "diT fog" 
dust suppression .system from Son- 
ic development Corp., l"p)p*''' '"^ad- 
dle River, N.J. The system a(!- 
KJomerales dust at the source 
through a fuie spray of thousands 
of tiny droplets and can be in- 
stalled at breakers, crushers and 
other oriKin as well as transfer 
})oitiIs. 

A sonic dust suppression system 
includes Sonicore' atomizing noz- 
ztes. a source of compressed air, a 
set|uenciiidciri uit, linear actuators 
or simple on-off controls depend- 
ing upon site requirement. The 
"dry fog" dust suppression system 
using sonic atomizing nozzles con- 
trols respirable parti>ulates 0.1 to 
■i microns in diameter and larger 
airborne parliiles. These 0.1 to -i 
micron "fines" are considered the 
jirincipal source of dust clouds, 
haze and accornpanying low levels 
of visibility In most applications 
where respirable dust particles can 
l)e settled out of the atmosphere 
quickly, the sonic system makes it 
unnecessary to add a tension active 
pniduct to the water 

The sonic atomizing nozzles 
shatter plain water or water made 
tension active with chemiials into 
droplets that are about one tenth 
the size of those produced by con- 
ventional nozzles operating to 1(1(1 
psi These micron sized droplets 



nia.xiinize the surface area nl il.e 
sprav and agglomerate dust |iaMi- 
cles with mitunial water v>liit<.e 
and produit wetting The nozzle- 
are self-cleaning and will noi rlo.,; 
The fine, adjustable spray pn. 
(bleed by the rmz/les niake.s it uli iil 
for dust suppression sim e the san 
volume of wjiter in thousands ni 
tiny droplet- drifting mto a densi- 
particle fog will fuinisb a grem 
deal more surface area than one 
large droplet 

The ni.z/les are gas or air driven 
acoiistir fist illators for aioniiziti); 
li<|Uids by passing them thioiig!- .■ 
field 111 high frequeiuv sottt"' 
waves The gas or air exjiand- 
through a I onvergeni ilivergent 
section mill a resonator rap when- 
it is reflected back to rotnplemeiii 
and amplify ihe primary .shock- 
wave. The I'esult is an intense field 
of sonic energy focused lielween the 
nozzle body and the resonator i ap 
Any liquid capable of being 
pumped mto the shoikwave is 
vigorously sheared into droplets in 
the acoustic field Air Inpassing 
the resonator carries the atomized 
droplets downstream in a soft, tow 
velocity spray. The dmplets have 
low mass and a low forwar<l 
velocity with low impact charactei - 
istics Inasmuch as they do not 
create break-up by shearing the li(|- 
uid through an orifice, sonic 
atomizing nozzles ojierate at very 
low lu)uid (iressures and can be 
produced wnh large orifices. The 
large orifices and low pressure vir- 
tually eliminate orifice wear aiul 
prevent deterioration ol llu- quality 
of aloinization while greatly ex- 
tending useful nozzle life 

The greatest advantage of sonic 
atomizing nozzles is their ability to 
provide a consistent quality o| 
alomization over a wide flow 
range. Turndown ratios of 50 to I 
are possible Hy varying air pres- 
sure, atomization quality can be 
varied from coarse trjii to ;liiii mi- 
cronst to an ultra-fine fog il-Ki 
microns). 

A sonic dust suppression svsiem 
was given the tough job of sup- 
pressing siliceous dust at a tpiarrv 
producing ion tons of silica sand 
each day With the help ii( I.) .Sim 
core nozzles strategicallv Incateil 
in the feeding sieves of three Roll- 
ercoiie gyratory crushers, the dust 
particles are agglomerated an<i set- 
tled down as the silica sand is dis- 
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Schematic diagram of Sonicore' atomuing nozzle. The nozzles produce a soft, plume-shaped spray 
with low mass droplets, law fluid velocity and low impingement characteristics. Fine atomization 
ensures uniform distribution o1 the liquid with minimum overspray and waste. Large liquid ports 
prevent clogging or malfunction. Low liquid pressures considerably reduce wear, maintenance and 
performance deterioration with continuous use. StarMlard nozzle materials are 416SSand 303SS. 





BEFORE TREATMENT — A conveyor transfer point for Silica before treatment. 




AFTER TREATMENT — Note complete absence of airborne silica dust. 
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charged from (Tu.shtr to conveyor. 
Operation of thf HtomizinK riozzles 
is cnntrolled h\ a phitloelectrie de- 
ti-itor which activates the system 
in the presence of [iroduct on the 
con\eyor belt. 

Water droi>lets generated by the 
sonic dust suppression .system are 
small in size — on the order of I -10 
microns. With a tension active 
produri added aX the rate of 1 liter 
(l.Oli qtsj for every 10,(HKt liters 
U<M>*"1 qis.i of water, the droplets 
leaving the nozzle's shock front 
coiuintie vibrating. This induced 
tnrhuience promotes intimate mix- 
ing of (he lujuid with ambient air 
and dust. 

By agglomerating the dust with 
12(MI liters of water every hour — 
the equivalent of 'y'.^ ^ph, conveyor 
belt wetting and accornpanying 
tiackitig iiroblems are avoided. 
Automatic control mf water output 
is achieved by continuous meter- 
ing. The volume of water is modi- 
fied in relation to the humidity 
content of the pulverized silica. 

Total water consumption is ex- 
tremely low — <mly O.'J't of pro- 
duction. Water absorption in the 
product is less than .'I'r . Self-clean- 
ing action of the nozzles enable 
them to continuously produce a 
dense fog of droplet.s in the face of 
what would otherwise be a mud 
encrusting sand. The sonic dust 
suppression system also provides 
these benefits: 

(1) less product wetting than 
conventional water sjiray ssstems 
(less than O.S^J ); 

VI) micron size water droplets 
multiply surface area while de- 
creasing total water needed; 

(U) costly wetting agents and 
their controls eliminated; 

(■1) no conveyor belt wetting or 
accompanying trackiofj problems; 

t5l less conveyor downtime and 
fewer conveyor belt replacement 
parts; 

(6) agglomeration of dust helps 
improve performance of precipita- 
tors, bagbouses and collectors; 

{") nozzles o[)erate on low pres- 
sure air and water to eliminate 
need for expensive pumping 
systems; 

(8) improved working conditions 
enables compliance with applic- 
able health and safety regulations; 

|9) cleaning and maintenance 
costs reduced: 

(I(t) permits recovery of spilled 
materials. • 
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tackles control of respirable coal dust 
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Airflow around laroe water droplet (in upper drawing) prevents coal dust parlicles from contacting the droplet. The dust particle, how- 
ever, easily impacts a smaller droplet (in lower drawing) 



Colorado School of Mines 

tackles control of respirable coal dust 

When water droplets that are sprayed to control coal dust are too large, the 

dust particles flow around the droplets, and thus are not absorbed— but 

water droplets too small simply evaporate. So CSM is looking into 

theories governing formation of clouds to improve existing water spray technology. 



F.D. Schowengerdt and J.T. Brown, Cotorado School of Mines 



Experience gained over the 
years with water sprays has estab- 
lished the following facts: (1) For a 
given spray nozzle, the collection 
efficiency for small dust particles 
increases as the pressure increases, 



and (2) at a given pressure, the ef- 
ficiency increases as the nozzle de- 
sign is changed so as to produce 
smaller droplets. The conclusion is 
clear-cut— /A? smaller droplets arc 
more effective in knocking small 



dust particles out of the air. The 
reason for this is not hard to see. 

Consider a water droplet about 
to impinge on a dust particle, or 
what is aerodynamically equiva- 
lent, a dust particle about to im- 
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SiMm-tpray comUtution is more efficient in collecting dust than 
either staam or spray (from Cheng and Emmerling. USBM Re- 
port of Investigation 7819). 



Efficiency of steam-spray over spray alone is much more pro- 
nounced in the smaller particle sizes (also from USBM Rl 7819). 



pinge on a water droplet, as shown 
in the drawing. If the droplet 
diameter is much greater than the 
dust partide.'the dust particle sim- 
ply follows the airstream lines 
around the droplet, and little or no 
contact occurs. In fact, it is difficult 
to impact micron-size particles on 
anything, which is why inertial 
separators do not work well at 
these sizes. 

If, on the other hand, the watei 
droplet is of a size that is compa- 
rable to that of the dust particle, 
contact occurs as the dust particle 
tries to follow the stream lines. 
Thus the probability of impaction 
increases as the size of the water 
spray droplets decreases. 

This explains why water sprays 
are not very effective on respirable 
dust: typical droplet sizes are 200 



to 6(X) microns— much greater than 
the respirable dust, which is less 
than 5 microns. Thus, water sprays 
can be improved by increasing 
pressure or by designing nozzles 
which produce smaller droplets. 
Most of the improvements in this 
direction already have been made. 
The problem with this approach, 
and one which prevents much ad- 
ditional improvement, is that when 
very small water droplets are intro- 
duced into an atmosphere where 
the humidity is less than 100%, 
many of them evaporate before 
contacting the dust particles. 

Condensation theories 

With these facts in mind, we are 
led, through the logical extension 
of our approach, to smaller and 
smaller droplet sizes, all the way to 



Table 1— Factors affecting the efficiency of 
water-droplet formation 


■ Particle size 


■ Charge 


■ Particle solubility 


■ Temperature 


■ Particle wettability 


■ Relative humidity 


(Hydrophobic or hydrophiilic) 


■ Pressure 


■ Presence of hygroscopic salts 


■ Electric fields 



the vapor phase, extending the 
relative humidity above 100% and 
condensing the water directly onto 
the dust particles. In this way, the 
particles can be made to grow, un- 
der the proper conditions, to a size 
where they will either fall out or 
can be removed by sprays. 

As soon as we take this step, we 
are in an area of physics known as 
"cloud physics" and can draw on 
the tremendous volume of scien- 
tific research results that exists in 
this area. For example, for over 20 
years the US Atomic Energy Com- 
mission has studied the basic pro- 
cesses by which radioactive fallout 
from bombs and reactor accidents 
is naturally removed from the 
atmosphere. The fundamental pro- 
cesses involved are nucleation and 
condensation. 

Nucleation is the process by 
which raindrops are formed in 
clouds. There are two categories: 
homogeneous, where no foreign 
particles are present; and hetero- 
geneous, wherein the droplet for- 
mation takes place on foreign par- 
ticles. The efficiency of the latter 
depends on many factors, such as 
particle solubility, wettability (hy- 
drophobic or hydrophiilic), tiie 
presence of hygroscopic salts, tem- 
perature, electric fields, charge and 
others (see Table 1). 

After nucleation occurs, the 
droplets must grow to a critical size 
where they will fall out or can be 
washed out. The efficiency of this 
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"scavenging" phase is also depen- 
dcnl on environmental factors 
such as temperature, humidity and 
electric fields, and can be en- 
hanced by certain catalytic effects 
such as diffusiophoresis, ther- 
mophoresis, and di electrophoresis. 

In the research program being 
conducted in the Physics Depart- 
ment at CSM, we are studying these 
fundamental processes as they ap- 
ply to coal dust. By measuring par- 
ticle size distributions as a function 
of time, we are able to observe 
droplet growth and measure the 
nucleation efficiency of coal dust 
in a spcciaUy designed aerosol 
cloud chamber. In this chamber 
we can simultaneously control all 
the pertinent environmental fac- 
tors as well as the particle resi- 
dence time. Thus we can predict 
the time required for a given size 
dust particle to nucleate and grow 
to a given size in a given humidity. 

We also can take measures de- 
signed to enhance the efficiencies, 
such as modifying the particle 
properties, adding hygroscopic 
salts and wetting agents, and intro* 
ducing charges on the particles. It 



is this type of input that is essential 
for a thorough test of the feasibil- 
ity of the method. 

The question that is sure to be 
uppermost is, "Can this process of 
nucleation and condensation, 
which works so well in nature, be 
made efficient in coal mines?" 
There is sufficient evidence in the 
affirmative to warrant the full- 
scale study that we have under- 
taken. 

One such piece of evidence is a 
recent study by the Bureau of 
Mines' Dust Lab in Pittsburgh 
which indicated that dry steam 
preceding the water sprays re- 
sulted in an overall 14% increase in 
collection efficiency for coal dust. 
Ironically, the conclusion drawn 
from these results was that steam 
did not ofTer a significant improve- 
ment. But if one looks carefully at 
the data shown in Figs. 2 and 3, il 
will be seen that an improvement 
of nearly 100% occurs at particle 
sizes of 1 micron and less. This is 
indeed a significant improvement 
when one considers the impor- 
tance of this size region, and is 
enough to justify a more detailed 



study. It is certainly evident that 
droplet growth on coal dust docs 
occur, as was also concluded by 
the investigators who conducted 
the study. 

The really encouraging fact in 
all of this is that the growth re- 
quired is not very great. That is, if 
the respirable dust can be grown to 
just 10 to 20 microns in diameter, 
it easily can be removed by con- 
ventional sprays, which, as we 
have seen, are nearly 100% ef- 
ficient in this size range. 

In conclusion, we are aware of 
the criticism often leveled at scien- 
tists that their ideas might work 
well in the laboratory but are not 
practical in the field. But we arc 
also aware that not many real 
breakthroughs in science or engi- 
neering have occurred that were 
not preceded by extensive basic re- 
search. In this particular case the 
approach we are taking offers a 
great possibility of improving 
existing water spray control tech- 
nology by drawing on existing 
knowledge from the field of cloud 
physics, and applying this knowl- 
edge to coal dust. ■ 



During the past year, a Par- 
ticulate Science Laboratory has 
been under development in the 
Physics Department at the Col- 
orado School of Mines under 
the direction of the authors. The 
laboratory has been made pos- 
sible through a series of gifts 
and grants from several inter- 
ested companies and agencies. 
Initial funding came from gifts 
contributed by US Steel and 
Bear Coal Co. The Colorado 
Energy Research Institute made 
a grant to the laboratory, seeing 
that the control of respirable 
coat dust may play an impor- 
tant role in the development of 
coat as a fundamental energy 
resource. Public Service Co. of 
Colorado also made a gif\ to as- 
sist in purchasing equipment. 

In September 197S, the au- 
thors received the first of two 
years' support from niosh, a 
branch of the Department of 



New laboratory 

Health, Educatioii and Welfare. 
This grant will provide the basic 
minimum requirements of 
equipment and graduate sup- 
port required for the estab- 
lishment of the laboratory. The 
title of the research program is 
"Condensation and Nucleation 
Properties of Respirable Coal 
Dust." At the present, the au- 
thors' efforts, as well as the ef- 
forts of four graduate research 
assistants, are dedicated to 
studying these particular micro- 
scopic properties of respirable 
coal dust with the expectation 
that some significant inroads 
may be made that will benefit 
dust-control technology and the 
coal mining industry. 

Evidence based on medical 
and physical research per- 
formed in Europe and the US 
indicates that coal workers' 
pneumoconiosis (black lung) 
can be attributed to inhaled 



(and retained) coal dust in the 
size range of approximately 0. 1 
micron to 2 to 3 microns. In this 
size range, current technology 
in common use (mostly water 
sprays) falls to almost zero effi- 
ciency. Other conclusions are 
that: 

• It is probably not feasible to 
consider serious alterations of 
water spray control methods. 

• The dust itself should be 
modified to make it subject to 
present control methods; in par- 
ticular, grow the water droplets 
directly on the coal dust par- 
ticles, thereby making them, in 
effect, much larger. 

• Once the particles are en- 
larged (say to 10 to 20 microns), 
they become much more easily 
controllable, in fact, once the 
particles become as large as sev- 
eral microns, their entry into 
and retention by the respiratory 
system is significantly impaired. 
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A NEW METHOD FOR DUST SEPARATION 
USING AUTOGENOUS ELECTRICALLY 
CHARGED FOG 



H. E. Birgitta Hdssler, 
Division of Building Materials, 
The Royal Institute of Technology, 
S-IOO 44 Stockholm, Sweden 



A new method for coUection of dust in cotincvtion with 
duxt seiHiration litix been developed at The Dwisitin of 
Mineral Processinfi at The Riiij<d Institute of Technolof^tj 
ii\ Stockholm, Sweden. Thin air cleaning method uses 
electrically charged water droi>lets. Charging occurs an- 
togenously wherebtj the need for high voltage current is 
eliminated. 

By squirting water of low conductivity (de-ionized 
water) through a supersonic nozzle, a fog of small, elec- 
trically charged droplets is created. These droplets at- 
tract dust particles, and separation is simply carried out 
on a grounded mesh net. 

Droplet charges comparable to those created by high 
voltage have been recorded in a simple pilot plant, 
where an exceptionally high degree of mineral dust sep- 
aration has been achicted. Further research with the 
new dust separation method <« now in progress in a new 
pilot plant at The Divi.tion of Building Materials at the 
$ame Institute in Stockholm. 



A NEW METHOD FOR DUST SEPARATION 

This new method of air cleaning; is based upon t!ie al- 
ready known techniques of binding dust piirticlt'S in pol- 
hilcd air by means of charged droplets of water. Whrtt 
makes this method novel are tlie methods whereby drop- 
lets are charged and dust particles are separated. 

Tlie method is at first hand intended for binding 
breathable dust whicl) is left in the air, after tlie separa- 
tion of coarse dust particles has been carried out". Tliis 
coarse dust separation can easily be done, e.g. by means 
of jiravity in a cyclone. The method was primarily in- 
tended for binding mineral dust, but it sluiuld also ))e of 
possible use for smoke cleaning. 

Particles belonging to the category of breathable dust, 
i.e. particles inhaled and carried through the human re- 
spiratory ways down to the lungs, are of a size less than 5 
nm. Mineral dust includes particles down to the size of 
about 0.5 fAvn. 

It is generally estimated that all particles in the ^m 
sizes arc more or less electrically charged. Since they arc 
charged with the same polarity to a considerable extent, 
the repelling powers help them to remain in the air, as 
aerosols. Mineral dust is generally charged with the 
negative polarity. 

Somewhat simplified, it could be stated that to catch 
these small charged particles, the following conditions 
must be provided: 



1. Small water droplets must be of sizes close to those 
of the paiticles. 

2. The droplets must be charKctl and have opposite 
electrical polarity to that of the particles, 

3. Particles and droplets are to be given possibilities 
to attract each other. 

4. Both droplets and paiiiclcs arc to he separated from 
the air stream. 

It is nowadays leclinically possible to produce water 
droplets whicli are 10 ^m and smaller by means such as 
high pressure and supersonic nozzles. The small drop- 
lets — water fog — wliich are generated in die nozzle, get 
their electrical charges autogenous!)- according to the 
new method. The charge is generated in the nozzle 
through friction of water against the metal walls of the 
nozzle. This is only possible if the water is an insulator 
and the nozzle is groiuided. To make the water an in- 
sulator, it must have a low specific conductivity, which 
is achieved by deitinization. Thus the water fog obtains a 
strong positive charge. 

The particle-niiuglcd air passes through a shielded 
room, where tlie air stream meets the charged \sater fog, 
and where intiuiate mixing of particles and droplets 
takes place. Thereby particles and droplets of opposite 
polarity attract each otiier. 

The electrically chargeti droplets ha\e such powerful 
charge, that some charge is left even after particle attrac- 
tion. An eaitht'd tnesh or .sonic similar device will tlien 
act as a separator when placed in the air stream after the 
intermixing with thi' wati-r lug. Thus the air stream 
emerging from thi- separator is dry and free from air- 
borne particles. 

BACKGROUND 

For more than -If) years tlie mineral-based iiidustr>' has 
fought the problem of dust, especially within the 
branches oliiniustry where silicosis problems have been 
pronounced. In viev\' ol this The Division of Mineral 
Processing, The i^oyal Institute of Technology, Stock- 
holm has ibr many years carried out research on pri- 
mary dust formation from the process of crushing miner- 
als, as well as the characteristics and behaviour of min- 
eral particles. Especially the in\estigatiim of the reactive 
disposition of quartz particles carried out at The Divi- 
sion of Mineral Processing has increased tlie insight into 
the origin of silicosis. 

For a considerable lengtli ol time research has also 
been carried out with the intention of improving mineral 
dust separators. Many attempts have been made to use 
water to bind dust particles. At The Division of Mineral 
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Fig. 4. Influence of tpeci/ic conductivity of water on 
water fog charge generated in tupersonic nozzle and 
high pretsure noiuUe. 



ill I'ig. 2, whtTf one Ciin si'c fl>.it ix'^.ttivr <.-liari;f> doiin- 
n.ilf amiiiiii tlu- snialicr partiili-s !>tlt(\\ ,1 /lui. V'ik- •' 
shows Uow (lir power ol tliarm' is cU-i>(.'ii<l(.'rit on p.irtulc 
sizfS. 

According to tlic iiive-st»}:atii>iis, it mimus tlial tin- .ivci 
age tharnL' strt'iintii for 1 fiin si/c<l partK-lo is abmit 'i 
elementary charKt;ii pt-r partitli' v^lmli is I'ljiiiialtnt ol 
about 3.10' coulomb per ^;raml1u■ tliist (0^;l. 

DROPLETS AND DROPLET CHARGES 

The noz/lcs which were most e.\tf nsi%cly investigated 
were a higli pressure nozzle with a re\<ilviiiK lining, and 
a pneumatic supersonic noz/ie. The hinh pressure no/.- 
zlc works with water pressure of alunit 10-15 MPu, and 
the supersonic nozzle with .i wati.;r i)res.sure ot 0.1-0.2 
MPa and an air pressure of ().3-0.6 Ml'a. 

Manufacturers of these spra>-iiin nozzles state that the 
high pressure nozzle produces droplets of sizes do\i n to 
30 fim, while the droplets produced by the supersonic 
nozzles have a ma.tiniuin size of 1-5 ^in of a smaller, and 
5-15 iim of a larger size of nozzle. In connection with 
these droplet sizes, it could be mentioned tlvat the 
meteorologists lalwl droplets of 20 p.m si/.e and smaller 
as dry, non-wetting fog. Fog is wetting however, when 
consisting of droplets ranging in .sizes from 20-100 fj.m. 
Dry fog is defined by its properties of not adhering to 
objects in its way. 

The electric dust separator which is being used today 
is an electric filter where gas ione.s are charged from a 
high voltage apparatus. Cliarging of water droplets, 
based upon electric high voltage is a metliod wfiich is 
being developed. The voltage feed in the latter method 
has a range of 5-10 kV. 

The new method is based on the principle of creating 
electrically charged water fogs without using a high \o!- 
tage apparatus. Througli studies of beliaviour and charac- 
teristics of water droplets generated in the noz/.les, it 
came out at difTerent electrolytic content that water of 
low specific conductivity in the nozzles, resulted in a 
powerfully charged fog of positive polarity. A low con- 
ducting ability can be achie\ed by distilling, and above 
all by deionizing the water. A water fog with negative 
polarity was experimentally produced by adding certain 
cation active tenside to ordinar\- tap water. In compari- 
son, the effect of negative charge was weaker than the 
positive. The tenside quantity was about I ppni. Only 
limited attempts to generate fug of negative charge were 
made. 

The generating of positively charged water fog is of 
friction-electrical nature. A material of low conductivity 
and high dielectric constant, (the de-ionized water) is 
intensely rubbed against a metallic body {the channel 
walls of the narrow nozzle). Botti types of nozzles give, 
although in different ways, more powerful charge when 
the water is of low specific con duct ivit\" (Fig. 4.) 

The charge was optimized to about 15 \ 10 ' coulomb 
per gramme water at the water specific conducti\ ity of 
0.6 fiS/cm (S= Siemens). Ordinaiy tap water was found to 
have the specific conductivitv' of 300 /j.S/cm. The most 
favourable results were achieved when using supersonic 
nozzles, which is e\ident from Fig. 5. Differently mod- 
ifjed nozzles have been tested, and it is interesting to 
note, that when using water channels of a more inert 
metallic material in the nozzle, it seems that a better 
electron transfer takes place from the water to the noz- 
zle. For example, goldplating of one specific nozzle re- 
sulted in increased charging capacity, as shown in Fig. 6. 

A comparison of the power between particles charges 
and droplets charges of the water log shows that 0.2 
gramme of water from the positive fog should discharge 
about 1 gramme dust. On tlie oilier hand, to discharge 
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FriKt'ssiiiK, studies have been made on the possibilities 
of binding and separating mineral dust from air suspen- 
sions by means of water precipitation, in which case ttic 
dust p.irticles acted as condensation nuclei. Attempts 
were also made to charge water droplets by applying a 
voltage to the water supply. 

However, it was not until 1974 that the idea of charg- 
ing the water droplets electrically by means of friction 
originated. It seemed to be a sensible way to bind air- 
borne mineral particles by making use of their electrical 
charges. 



PARTICLE CHARGES 

The fine dust particles, which have predominantly been 
the object of research carried out by The Division of 
Mineral Processing, emerge from the three-dimensional 
mineral which has gone through some form of crushing 
or abrasive wear, thereby producing dust of particle 
sizes of about 0.5-10 fim. Particles smaller than 0.5 fim 
are seldom found as crushed products of three-di- 
mensional minerals. On the other hand, dust of two-di- 
mensional minerals has sizes smaller than 0.5 ^m as, for 
example, natures own breakdown product clay, as well 
as dust of a soot-like character, deposited and accumu- 
lated from industry. Particles larger than about 10 ^im 
.•sediment easily, and do not constitute major difTiculties 
in dust separation. 



Within thfsr indicated sizes, the behaviour of the par- 
ticles is strongly goi-emcd by their elettrira! charges. 
Particle beliaviour in water suspensions is best known, 
where special research has been carried out at The Divi- 
sion of Mineral Processing regarding the connection be- 
tween Zcta-potential and pH for various minerals. 

The charge conditions of aerosols are far less well- 
known when it comes to di.spcrsed dust of three-di- 
mensional mineral. Here triboelectric phenomena occur, 
and it has come forth, that the charge of sedimented dust 
is strongly affected by the area where it settles before 
being re-vortexed into the air. As stated earlier, exten- 
sive research has been carried out at The Division of 
Mineral Processing, and for this purpose a particle 
charge meter has been constructed, which measures 
both charge and size of the particles. Fig, 1 shows the 
dust chamber of the particle charge meter. 

The power of the particle charge is determined by the 
particles being influenced by defined electric field. By 
means of a suitable choice of a periodically varied elec- 
tric field, e.g. a sawtooth waveformed field, the measur- 
ing of particle charges can be done continuously in a 
settling cloud of dust. Particle sizes are determined by 
measuring the velocity of fall in accordance with 
Stokes's law. The movement and the si>eed of the parti- 
cles are registered photographically. 

Particle charges for quartz dust particles, obtained 
from an air suspension directly after crushing, are shown 






Fig. 1 Panicle charge 
meter. Dust chamber. 
Sawtooth eUetrical 
field (a) and particle 
paths under influence 
of high-ooltage taw- 
looth waveform (b). 
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one gramme of dust with the negatively charged fog 
mentioned earlier, 300 grammes of water would be 
ne«.'ded. 

The potential of the generated water fog was mea- 
sured on a metal mesh by means of an electrometer, as 
shown in Fig. 7. The measuring equipment shown here 
is HrTiingcd for testing water fog from a supersonic no/- 
zle. By connecting the charge meter to a net and by 
grounding the nozzle, and then by reversing the proce- 
dure, it came forth that the mesh net accumulated almost 
as much excess charge as was delivered by the nozzle to 
its water fog. This shows the ability of the mesh net to 
completely discharge the generated fog, and thus to re- 
move the charged dust particles and fog. 

PILOT PLANT 

To evaluate the new air cleaning method, a simple 
equipment was constructed with the combined spray- 
and settling chamber, as shown in Fig 8. Supersonic 
nozzles were a part of the equipment, as was a mesh net 
stretched across the chamber. The nozzles and the mesh 
net were earthed, and dust-mingled air was sucked 
through the chamber from below and upwards. Samples 
of dust quantity were taken both before the air had 
passed through the chamber and afterwards. Sampling 
was done by means of a probe which was connected to a 
separate suction fan, the air being drawn through a filter 
in a filterholder. The filters were dried and weighed 
before and after sampling. Some tests were carried out 
with a negatively charged fog as an auxiliary fog in ac- 
cordance with Fig. 8. 

DUST SEPARATION TESTS 

Different tests have been carried out in the simple dust 
separating plant, both with olivine dust and quartz dust. 
Test conditions were varied by using different types of 
water in the main nozzle. Tests were also carried out 
using negative fog from an auxiliary nozzle in combina- 
tion with fog from the main nozzle. Air quantities of 
about 5.6 mVper minute with dust quantities of 1-2 
grammes per m* were sucked through the dust chamber. 
The specific conductivity of the distilled and de-ionized 
water was about 1 fxSlcm throughout the tests. 

The dust separation tests on freshly grounded olivine 
dust with particle sizes characterized by kgo of about 30 
fim gave the following 



RESULTS 

Dust separation, the chamber 
used as dry dust separator 



68% separation 
dust 



Dust separation, by positive water Average quantity of 

fog, about 100 grammes water/ separated dust 

minute per 7 grammes dust/ 98.3% 
minute. (98.0-98.6% separation) 



Dust separation by positive water 
fog as above but with negative 
auviliary fog, about 50 grammes 
water/minute 

Dust separation by water fog, 
about 100 grammes/minute 
generated from ordinary tap 
water. (86.1-96.3% according to 
measured results) 



Up to 98.8% 
separated dust 



Probably about 
80-90% separated 
dust 



Measurements of dust separation when ordinary tap 
water was used were rendered difficult because the fog 
generated was not charged. It passed the mesh net with- 
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constant water flow of 25 gimin. Specific conductivity of 
the water 0.6 i/SJcm. 
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fUOn COHPHESsru AIR PLANT 
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SUPCTtSOtTTC NOZIIhC 




fig. 7. £Tj)erim(;nr(if arrunfiemcn/ fur measurinK the 
cliarge of the water fog nencrati-d in a siifwrsanic nuzzle. 
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onl (Icpositiiiv; tlK'ri,'hy inriiNti-niiiL; tlic uall-. ul tin- proltf 
in tlic !i])pfr p.irt of tlic pl.int. SoiiU' (lust piLiticKs thus 
iKlliLix-d to tilt' Uiills ot tilt- prolif (liL-iihy rcdiniiiji tlif 
'jiiantit\' oi dust wjllettiri lis tlir lillci. 

Dust soi)ar;iti(in tests on aucd ([ii.iit/ drist ol k,,, iilnHit 
35 ^ini t^aM' tile lollosviii;; rcsidts: 

D>ist sfparatioii, tlu' cluinibLT Ahoiit 3(1% 

iisi'd as dry dust scp.irator s^painti-d dust 

Dust separ;itiun liy positivf watir Aliout HU7c 
foj: alone, in tin- iniiin nii/./\c. sf]iaratfd dust 

About 100 ^'rammes waters 
niiniitf 

Dust SL'parntion by neHiiti\o watfr About 65% 
foR alone, in the auxiliary' suparated dust 

no/.zle. About 50 grammes/ 
minute. 

Dust separation by positive and About 967r 

ncgati\e water foRs combined. sf puratt'd dust 
About 100 Kranunes watur/ 
miniitf and about 50 j;ranimes 
water/nHniitf respectively. 

Tests were also carried out \s itb ordinary tap water in 
t!ie main nozzle topether with the ncgiitix'e water fojj 
generated in the auxiliaiy nozzle. This gave a suriiris- 
ingly ff.}0(.\ result, althouj^h readings were ol eonsidera- 
ble uneertainty. The degree of separation was probably 
around 907c. 

As can be seen, the quartz dust, that was used, (wet 
grounded, dried and stored) turned out to be cunstdera- 
l>ly more ditlieiilt to moisten in comparison witli (he 
freshly ground olivine dust. 

The tests ean be regarded as a kind oi pilot studies ant! 
were consetpieutly designed to act as guides to furtlicr, 
more complete investigations approaching optintal cir- 
cumstances. They were also done inider slu>rta.(;e oi time 
and with (jualities of dust which were, due to ageing, not 
rjuite adequate. 

The results show, howeser, tliat the methotl has excel- 
lent separating eflicieney, especial 1> when considering 
that separation concerns particles ol'sueh small fractions 
which are generally regarded as being ver>- diiricnlt to 
separate. Autogenous generation ot highly charged water 
log a.s well as the separation conccins particles and the 
fog were siiceesstnlly achievfd. 
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by 

Dr, A. Benedek, Associate I'rof^.^nor, Chomical r;n^Tinoori nj--, 
ana Oo-Ordlnator Waste Re.'Toarrh Group, McMastor University 

Hamilton, Ontario 



The Longford Mills plant of Domtar Chemicals manufactures a variety of 
detergents. The wastewater! from this plant contain d relatively high con- 
centration of organics that are difficult to biodegrade. After a careful 
period of in-plant modification, and process development studies a biological 
treatment system was built with many novel features including d proper mixing 
of different organics, aeration tank equi 1 iz.ition, and in-line presecondary 
clarifier alum addition. As a result of these features the wastewater treat- 
ment plant consistantly removes better than 95- of the organics, and plant 
up-sets hdvtj been avoided over the last two yoars of operatiori. This paper 
reviews the steps ledding up to designiTig ^thc design itself, and subsequent 
operation of the treatment plant. 



Note : Paper arrived too late for inclu.sion in proper Proceedine;s 
sequence. See "Supplementary Paper", Page 2 , for full 
text . 
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MISSISSAUGA TRAIN DERAILMENT - OPtRATIONAL OVERVIEW - 
FROM THE AIR VIEWPOINT- T.W. CROSS, DTRECTOR AIR 
HESOUROES BRANCH, ONTARIO MINISTRY 0? EIWIROKMEMT 

On November 10th, a train derailment in Mississauga gave a lot of 
people an opportunity to prove that old adage - "When the going gets 
tough, the tough get going". Firemen, policemen, politicians, 
railway crews, Red Cross workers, chemical company employees and 
Ontario Government employees demonstrated a toughness that I personally 
have not experienced since World War II. For 9 days these people 
worked long hours with a common purpose and showed a selflessness 
that we do not see very often in our society today. For all 9 days 
at least, the large number of people involved became the "WE" GENERATION. 

This paper will address itself to the operations of the Air Resources 
Branch of the Ministry of the Environment, but we ask you not to lose 
sight of the other branches whose operations will be recorded elsewhere. 
Briefly, they include: 

- The people from the Central Region who were first on the 
scene and the last to leave 

- Contingency Planning staff of the Pollution Control Branch 
who were involved on the site and since in absorbing the 
lessons learned 

- The Laboratory Services Branch who sampled and analyzed 
the flow of water around the site for contaminants 

- The head office people who covered for those of us in the 
field for that long week 

In addition, the Ministry of Labour provided field crews and medical 
advice throughout the whole period. The Atmospheric Environment 
Service of Environment Canada provided stepped-up meteorological 
forecasting and minisonde crews who kept our site team well supplied 
with very essential data on windspeed and direction. In addition, we 
stole a lot of their balloons to tether at the derailment site to 
give firemen a continual visual check on wind direction to ensure 
the best deployment of fog nozzles. 
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DESCRIPTION OF THE PROBLEM: 

There was so much written locally on this derailment and so much 
interest in it and the evacuation that it should be only necessary 
to give a brief description of the event. A train composed of a 
large number of freight and tank-cars suffered a partial derailment 
of 23 tank-cars. These cars contained chlorine, propane, toluene, 
styrene and caustic soda. After 2 violent explosions of hydrocarbon 
tank-cars, one of which landed half a mile away and one which opened 
up like an exploded sausage roll, the main problems were a large 
fire and chlorine leaking from a damaged chlorine car in the middle 
of the pile up. 

Much has been written on the "fortunate" aspects of this derailment 
and I think some of them bear repeating: 

FORTUNATE ASPECTS OF THE DERAILMENT: 

The accident happened in one of the few locations that: 

a) was not immediately adjacent to residential areas 

b) had good road access for the heavy vehicles required 

c) had a good command site very close, with lots of 
communication equipment 

d) had sufficient open space for one hydrocarbon tank-car 

to fly through the air for half a mile and still land in an 
open field 

e) had a large water main available 

f) had large urban areas immediately -adjacent to absorb the 
evacuated population 

g) and last, but not least, the Reoion had an evacuation plan. 

Perhaps the most fortunate aspect of the event was the explosion that 
darrraged the chlorine tank originally. As near as we can construct, 
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this explosion, which sent a huge fireball several thousand feet 
upwards, apparently aspirated approx. 70 tons of the 90 tons of 
chlorine in the damaged tank-car. If the tank had been completely 
ruptured and if the explosions had dispersed this chlorine horizontally, 
the disaster potential was extremely high, 

FIRST INSPECTION OF CHLORINE CAR : 

On the afternoon of the second day the Dow Chlorep (Chlorine Episode) 
crew inspected the chlorine tank-car while the fires were still in 
progress. They found a 3 foot hole on the shell of the tank-car which 
unfortunately included some damage to the dished head of the car 
making patching difficult. 

Visual inspection, using a dipstick inside the car, revealed approx. 
20 tons of chlorine remaining, covered with approx. 9-12 inches of 
ice or a similar substance. 

The defusing of the derailment was broken down into the following steps: 

1. Permit the fires in the ruptured hydrocarbon tanks to 

burn out while keeping the other cars in the pile-up cool, 
so that they would not rupture 

g.. Stabilize the chlorine tank by patching the leak, the extent 
of which was not known during the first two days 

3. Remove the liquid and gaseous chlorine from the damaged 
tank-car 

4> Clean up the site 

NITTY GRITTY POINTS : 

During this event there were several morrients of truth or "Nitty- 
Gritty" points. These included, of course, the derailment and initial 
explosions. As the episode proceeded, they included: 



- the potential for other explosions and the possibility 
of increased releases of chlorine. 

- leaks during removal of the chlorine liquid and vapour 
from accidents and disconnecting of tank-cars, etc. 

- the possible role of the "ice" blanket as the chlorine 

vjas removed and the ice blanket collapsed into the remaining 
1 i quid. 

AIR RESOURCES BRANCH ROLE : 

The Air Resources Branch role in this was as follows :- 

Air Monitor ing:^ 

A decision was made early on Sunday morning that only "real-time" 
monitoring would be of any use in this situation. Accordingly, a 
decision was made to remove our T.A.G.A. 3000 mobile air monitoring 
van from the St. Lawrence Cement Co. where it was being used to test 
its ability to monitor PCBs incorporated in the usual gases and 
solids in the cement plant emissions. 

This involved the removal of a housing around the van, the removal 
of blocks under the van and the disconnecting of a glass sampling 
line to the stack breeching. In addition, we approached the developer 
and builder of the T.A.G.A - Sciex Inc. - to see if they could lease 
us a second unit and provide staff to operate the 2 units. Again 
fortune reared its smiling face as Sciex's T.A.G.A. 2000 had just, 
returned from the U.S. and it was calibrated for chlorine which they 
had been monitoring at a U.S. spill. 

Because our T.A.G.A. 3000 was calibrated for PCBs and there were 
mistaken rumours of PCBs being involved in the derailment, we did 
sanipling for PCBs for the first two hours. When none was measured, 
the T.A.G.A. 3000 was cross-ca li breted with the T.A.G.A. 2000 for 
chlorine and from then on that was 90' of our ntonitoring efforts. 



Subsequently, both T.A.G.As. were calibrated eccinst known ir.ixes 
of chlorine. 

Periodically, the T.A.G.As. were used for 'scans" to note the excess 
Dresence of other chemicals in the air. The only other conteniinant 
of any significance during this period was chloro-aceto-phenone - 
a lacrimator formed by the combination of styrene, chlorine and ozone. 
The styrene was spread all around the site from leaking tank-cars. 

The use of the two T.A.G.As. running across the plume at various 
distances enabled us to plot the plume location and its degradation. 
This was '^ery useful in determining any levels which might occur 
outside of the evacuated area. Generally speaking, the concentre lions 
of chlorine were below 400 micrograms or 0.13 ppm. There were 2 brief 
Deriods when levels were between 400 and 1000 microorams^ The 'I'.A.G.As, 
were non-linear in response above 400m)croqrams and if these higher 
levels had persisted, the T.A.G.As. woula have been recalibrated. 

Criteria : 

The following criteria was used for evaluating chlorine levels in 
the ambient air: 

Normal background - less than 0.001 p. p.m. or 3 micrograms 

Discomfort level - 0.01 " " 30 

Acceptable workplace exposure (8 hours) 1.0 " " 3000 " 

Health threat threshold level (15 minutes)3.0 " " 9000 " 
Acute danger to human life 900 

Meteorological Monitoring: 



The Air Resources Branch maintains its own sta'- of meteorologists 
and we also maintain a close, long stancinc relationship with the 
Atmospheric Environmental Service - En\'i ronment Canada. To cevelop 
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the best nicro-meteorological input into the decision making of 
the Command Executive we laid on the follovn'nq: 

1. An Air Resources Branch meteorologist and an additional 
Atmospheric Environmental Service meteorologist were 
added to the usual staff at Toronto International Airport 

2. The Atmospheric Environmental Service supplied us vnth a 
minisonde crew at the Command site. They released balloons 

with small disposable radio equipment and tracked their 
path downwind to enable us to predict plume paths as 
accurately as possible 

3. The Air Resources Branch I^.obile Air Monitoring Unit -2 was 
based near the Command Post to give us continuous windspeed 
and direction at the 10 metre level and to provide a 

communications centre for the mobile units downwind. 

Ministry of the Environment Reports : 

The Ministry of the Environment and its contractor, Sciex Inc., have 
produced 6 reports covering ambient air monitoring, meteorology summary, 
water monitoring and vegetation damage covering the derailment period 
and afterwards. While these are not available for "best seller" 
distribution, they have been supplied to the parties involved in the 
clean up of the derailment and can be provided to people with an 
obvious interest in the matter. 

Air Mass Model 1 inq: 



Air mass modellers were based at 380 Bay Street and, periodically, at 
the site to produce predictions of probable concentrations of chlorine 
at various distances downwind under several scenarios of chlorine 
releases from the site. Tliese calculations, together with those of 
Dow Chemical and health criteria were used in determining the area 
to be evacuated if a large instantaneous release took place. Close 



agreegment between the two sets of modellers indicated a potential 
for human suffering, including death over a considerable distance 
depending on meteorological conditions. 

Chlorine monitoring provided an opportunity of back modelling to 
estimate size of releases for practical checks against what was 
happening. 

Technical Advice to the Executive Comma_n ci_ _G_roup: 

The above monitoring, air mass modelling and meteorology, was used 
to help the Executive Command under the Attorney General to reach 
decisions on evacuation and repopulation. This, together with medical 
advice from the Ministry of Labour and technical advice from the 
Chlorep crew from Dow Chemical was presented to Mr. McMurtry's 
committee regularly and on demand. 

Air sweeps were performed in areas under consideration for repopulation 
before the people were let back in, with particular attention being 
paid to low lying areas whenever possible. 

The operation of the Dow Chlorep crew was placed under the supervision 
of the Ministry of the Environment to ensure that meteorology and 
environmental safety were always taken into consideration in the 
removal of the chlorine from the tank-car. 

Hindsight : 

Our impressions are of a job well done by a lot of tough minded people. 
Dedication and co-operation were the order of the 9 days. As residents 
of Mississauga, we were pleased with the results, including the fact 
that our homes were intact when v/e got back into them. There are 
many communities in North America where this would not be the case. 
Telephone calls from all over N. Aiierica and from as far away as 
Japan, Belgium and other European cojntries expressed arazer.ent at 
the large number of people evacuated and the lack of looting. Some 
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of this was the result of planning, such as the Peel Regional Police 
evacuation plan. A lot of it was the result of good "ad hoc" cominand 
and operations. Hindsight indicates the need for cut and dried 
planning and training with every agency knowing what to expect from 
the other. From subsequent spills of vinyl chloride in f'anitoba 
and the derailment last week at London, this planning should take 
place immediately as it looks like railroad spills of hazardous 
contaminants will be with us for. some time. The Ministry of the 
Environment is doing its share of this planning and will contribute 
to an overall Ontario contingency plan. 
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Mr. Chairman, its a pleasure to be here^ even at this early 

HOUR IN the day ON THE MORNING AFTER YOUR MAIN BANQUET 
AND DANCE, 

The TITLE OF THIS SESSION IS The Nississauga Incident - - 
Actions, Problems and Expectations. I will touch on all 
three as there was plenty of action and numerous problems. 
And since that hectic week last November there has been 

an altering of expectations, 

No DOUBT the topics WILL BE COVERED FROM A DIFFERENT VIEWPOINT 
LATER IN this SESSION BY ToM CrOSS AND MaYOR HcCaLLION WHO 
BOTH played crucial ROLES IN WHAT HAS BEEN DESCRIBED AS THE 
largest EVACUATION IM NORTH AMERICA, 

Briefly, and by way of background, let me sketch in the events 

OF WHAT has been APTLY DESCRIBED AS ThE MiRACLE OF fll SS I SSAUGA. 

At 10 MINUTES TO MIDNIGHT ON NOVEMBER 10, THE REAR WHEELS ON 
ONE TANK CAR FLEW OFF, A FEW MOMENTS AND 2 . 8 KILOMETERS LATER, 
THE TRAIN DERAILED AT THE I^AVIS RoAD CROSSING. TwENTY-TWO 
TANK CARS AND TWO BOX CARS LEFT THE TRACKS, 

The TANK CARS WERE LOADED AS FOLLOWS: ELEVEN WITH PROPANE/ 
THREE WITH STYRENE, ONE WITH CHLORINE/ FOUR WITH CAUSTIC 

SODA AND THREE WITH TOLUENE, 
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Several tank cars ruptured immediately and some of the 
flammable liquids began burning at a slow rate. 

One minute later a large explosion occurred and there was 

ANOTHER^ more VIOLENT BLAST AND FIRE AT 10 MINUTES AFTER 
MIDNIGHT. One propane TANK BLEW TO PIECES. 

About seven minutes later another explosion occurred when 
the end of one propane tank car blew off, 

Here is the description of this blast from a police report: 
"The main body of the car^ still filled with liquid propane, 
was propelled rocket fashion into the air spewing its firey 
contents behind. This airborne projectile cleared a hardwood 
bush to the northeast and tumbled across a field before coming 
TO rest approximately 2,250 feet from the flAvis Road crossing." 

There were further explosions during the morning and the fires 
continued burning, undef; controlled conditions, until 2:30 a.m. 
November 13 - - about 50 hours after they started. 

Almost two hours after the derailment, when it became apparent 

THAT hazardous SUBSTANCES WERE LEAKING FROM THE WRECKAGE, THE 

Police Chief of Peel Region ordered the residential area 

CLOSEST TO the SITE EVACUATED. 
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The evacuations proceeded in an orderly fashion through 
the pre-dawn hours and by noon^ 12 hours after the derailment^ 
71,000 people had been moved. within 24 hours, the full area 
was cleared of close to a quarter of a million people. 

The RESIDENTS WERE RETURNED IN STAGES AS THE DANGER LESSENED. 
The FIRST RETURNED IN THE AFTERNOON OF NOVEMBER 13 AND ALL 
EXCEPT A FEW VERY CLOSE TO THE SITE WERE BACK IN THEIR OWN 
HOMES BY THE NIGHT OF NOVEMBER 16. 

Now, WITH THAT BACKGROUND, LET ME TURN TO THE "aCTIONS" 
PORTION OF THE SUBJECT MATTER FOR DISCUSSION HERE. 

As I INDICATED, THE INITIAL EVACUATION WAS ORDERED BY THE 
POLICE ACTING, PROPERLY IN MY VIEW, TO GUARD PUBLIC SAFETY. 

The SUBSEQUENT EVACUATIONS WERE THE RESULT OF EXTENSIVE 
CONSULTATIONS WITH EVERY AVAILABLE EXPERT AND OFFICIAL, AS 
WERE THE DECISIONS PERMITTING RESIDENTS TO RETURN. 

!^Y ROLE AT HlSSISSAUGA WAS THAT OF A CO-ORDI NATOR, THE 
CHAIRMAN OF THE MEETINGS AT WHICH THE SITUATION WAS ANALYZED 
AND VARIOUS ACTIONS TAKEN AS A RESULT. 
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In the first hours of the emergency^ these meetings were 

HELD several TIMES DAILY AND RELATIVELY INFORMALLY^ USUALLY 

in the police command trailer. 

After the first couple of days when the fires had burned 
themselves out under controlled conditions and it was 

possible FOR THE FIRST TIME TO CONSIDER REDUCING THE 
AREA OF THE EVACUATION^ THESE MEETINGS WERE MOVED INTO A 
BOARDROOM IN A BeLL CANADA BUILDING NEAR THE SITE. 

We TOOK THE EXCEPTIONAL AND EXTRAORDINARY STEP OF RECORDING 

the proceedings of these meetings so that there would be a 
permanent and reliable record available in respect of the 
decision-making process. 

Transcripts of these meetings have been filed as exhibits 

AT THE federal INQUIRY NOW UNDERWAY INTO THE CAUSE OF THE 
DERAILMENT. 

The TRANSCRIPTS REVEAL THAT THERE WERE A SERIES OF DECISIONS 

to determine when it was safe for residents in the different 
sectors to return home. 

Without exception they demonstrate that every one of these 

DECISIONS was made AFTER CANVASSING THE THOUGHTFUL ADVICE 

OF THE GOVERNMENT^ ACADEMIC AND INDUSTRY EXPERTS, Ho ONE WHO 

HAD A USEFUL CONTRIBUTION TO MAKE WAS KNOWINGLY EXCLUDED. 
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Without exception^ every one of our decisions had the 

UNANIMOUS support OF EVERYONE IN THE ROOMy INCLUDING A 

vice-president of CP Rail, 

The transcripts further show that public safety was the 

PRIMARY consideration^ THAT LIVES AND HEALTH TOOK PRECEDENCE 
over any OTHER CONSIDERATIONS. 

Let THERE BE NO DOUBT ABOUT THE FACT THAT THOSE MEETINGS 
WERE OFTEN TENSE. ThE STAKES WERE ENORMOUS. We WERE MAKING 
DECISIONS THAT COULD IMMEDIATELY EFFECT THE HEALTH^ AND EVEN 
THE LIVESy OF A QUARTER OF A MILLION PEOPLE, 

In THE COURSE OF THE FEDERAL INQUIRY^ EFFORTS HAVE BEEN MADE 
TO DISCREDIT THIS PROCESS AND THE DECISIONS TAKEN. 

But I WANT TO stress to you AND TO THE PEOPLE OF MiSSISSAUGA 
THAT I AM SATISFIED THAT WE HAD THE BEST ADVICE AVAILABLE^ 
THAT WE EXPLORED EVERY ISSUE THOROUGHLY AND THAT WE TOOK 
THE PROPER AND PRUDENT COURSE. 

I AM CONFIDENT THAT ANY IMPARTIAL EXAMINATION OF THE EVENTS 

OF LAST .November show precisely those facts. 
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As SOME PEOPLE SEEM BENT ON RE-WRITING HISTORY OF THOSE 
MEETINGS FOR THEIR OWN PURPOSES, LET ME READ YOU A SHORT 
PORTION OF THE FINAL MEETING ON SuNDAY, NOVEMBER 18. 

I HAD JUST THANKED THOSE PRESENT WHO INCLUDED R.S. AlLISON. 

vice-president of cp. and john f.cgee of the canadian transport 
Commission^ when Mr. Allison spoke. Here's how it was 
recorded: 

MR. ALLISON: Mr. Minister^ Madam Mayor and gentlemen, 

we've all had a very DIFFICULT WEEK, AND ON BEHALF 

OF Canadian Pacific, I would like to express our 

APPRECIATION FOR ALL THE HELP AND ASSISTANCE THAT 
we've RECEIVED. 

Mr. McMurtry: Thank you, Mr. Allison. 

Mr. McGee: Without speaking to today, Mr. Minister, 

AND although I'm NOT OF THE HIGHEST ESTATE IN THE FEDERAL 
hierarchy, ! SEEM TO BE THE SENIOR FeD HERE THIS MORNING. 
and I want TO CONGRATULATE YOU AND TO EXPRESS TO YOU AND 

THE Mayor my admiration for the way this thing has been 

HANDLED AT THE PROVINCIAL AND MUNICIPAL, AND THEIR 
JURISDICTIONS, AND I THINK IT's THE REASON THAT WE'RE 

sitting here now without a single loss of life. 

Mr, McMurtry: Thank you very much, Mr. McGee. 
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I RECITE THAT SECTION. Hr . CHAIRMAN. TO ILLUSTRATE THE SPIRIT 
OF CO-OPERATION AND UNANIMITY IN DECISION-MAKING THAT PREVAILED. 
It WAS NOT AT ALL LIKE SOME WOULD HAVE THE PUBLIC BELIEVE NOW 

SEVEN MONTHS LATER. 

It IS WORTH NOTING THAT 92 PER CENT OF THE EVACUEES SURVEYED 
SHORTLY AFTER RETURNING TO THEIR HOMES FELT THE EVACUATION 
WAS JUSTIFIED FOR THEIR OWN HEALTH AND SAFETY. 

I WILL TURN NOW TO THE SECOND PART OF OUR SUBJECT/ THE "PROBLEMS" 
TOO NUMEROUS TO RECOUNT HERE IN THE TIME AVAILABLE. AnD I 

AM SURE Mr. Cross and j^ayor McCallion will touch on several. 
I will deal with one that caused particular anxiety at the time 

AND has raised SOME MISUNDERSTANDING SINCE THE EVENT. 

As THOSE OF YOU WHO HAVE SEEN PHOTOGRAPHS WILL REALIZE. THE 
?A RAIL CARS WHICH LEFT THE TRACKS WERE A TANGLED. TWISTED 
AND CHARRED MESS. 

The FIRST POLICE AND FIREFIGHTERS AT THE SCENE HAD NO WAY OF 
TELLING WHICH CAR CONTAINED WHICH SUBSTANCE. ThE TRAIN 

manifest was of no immediate help. 

While it became apparent soon after the derailement that 

CHLORINE had ESCAPED FROM ONE CAR. WE HAD NO IDEA HOW MUCH. 



IHE CREWS WORKING ON THE WRECKAGE KNEW THE CAR HAD BEEN 

damaged but while the fire raged and the risk of further 
explosions remained high the damage could not be precisely 
determined. 

The firemen and crews from Dow Chemical, working at extreme 

RISK, began to devise A METHOD OF PATCHING THE THE THREE- 
FOOT HOLE IN THE CAR. 

A VARIETY OF METHODS, INCLUDING STEEL PLATES, WOOD AND 
INFLATABLE RUBBER, WERE USED IN THIS PATCHING WHICH NEVER 
WAS COMPLETELY SUCCESSFUL. 

It WAS DURING THIS PROCESS AND ONCE THE FIRES HAD BURNED 
OUT THAT THE CREWS DISCOVERED A SUBSTANTIAL AMOUNT OF THE 
CHLORINE HAD ESCAPED AT THE TIME OF THE DERAILMENT AND 
EXPLOSIONS. 

We may NEVER BE ABSOLUTELY CERTAIN ABOUT THIS BUT THE MOST 
RELIABLE THEORY IS THAT WHEN THE HOLE IN THE CAR WAS OPENED, 
THE FORCE OF THE FIRE AND EXPLOSIONS IN THE PROPANE TANK 
CARS SUCKED UP TONS OF CHLORINE AND DISPERSED IT HARMLESSLY 
HIGH IN THE ATMOSPHERE. 
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However^ I want to stress that there remained in the car 

SUFFICIENT CHLORINE^ ABOUT 20 TONS/ TO POSE A RISK AND IT 
WAS THE UNANIMOUS DECISION THAT THE EVACUATION WOULD HAVE 

TO CONTINUE UNTIL THE CHLORINE WAS CLEARED AND THE THREAT TO 
PUBLIC SAFETY AND HEALTH WAS REMOVED. 

TJEXT/ f^R. Chairman. I will deal with the "expectations" portion 

OF THE SUBJECT. 

1 THINK 1 CAN BE OF MOST ASSISTANCE TO YOUR DELIBERATIONS BY 
GIVING YOU SOME PERSPECTIVE FROM THE POLITICAL LEVEL AND ALSO 
HOW I BELIEVE THE i^.I SS I SSAUGA INCIDENTS AND OTHER ENVIRONMENTAL 
THREATS INFLUENCE PUBLIC EXPECTATIONS. 

One OF THE EFFECTS OF THE MiSSISSAUGA INCIDENT WAS TO ALTER 
THE POLITICAL ClIMATE ON SUCH ISSUES^ TO HEIGHTEN PUBLIC 
CONCERN AND TO SHARPEN PUBLIC ATTITUDES ON SUCH MATTERS. 

The INESCAPABLE FACT IS THAT CLOSE TO A QUARTER OF A MILLION 
PEOPLE HAD TO VACATE THEIR HOMES AND HUNDREDS OF THOUSANDS 
MORE WERE INCONVENIENCED IN SOME WAY FOR THE BETTER PART 
OF A WEEK, 

So UNLIKE MANY OTHER ENVIRONMENTAL ISSUES, THIS EVENT HAD A 

DIRECT, IMMEDIATE, DISRUPTIVE AND LASTING IMPACT ON A LARGE 
NUMBER OF OUR CITIZENS. 
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In a fascinating survey of evacuees, the Institute for 
Environmental Studies at the University of Toronto points 
this up vividly, and i quote: 

"Before the accident^ only half the residents were 
aware that hazardous materials passed by rail through 
hlssissauga but very few were concerned about the 
RISK. Since the accident, half of the residents 
report a change in their feelings and believe more 
stringent and effective controls are needed for 
transporting chemicals." 

Just so we don't forget the extraordinary human drama of that 

WEEK as well as THE GOOD WILL AND COURAGE OF THE PEOPLE OF 
fllSSISSAUGA, LET ME RELATE TO YOU ONE OTHER PARAGRAPH FROM 
THE SECTION OF THE REPORT DEALING WITH THE RETURN OF THE 
EVACUEES: 

"On RETURNING HOME, ALMOST EVERYONE FOUND THEIR HOUSE 
EXACTLY AS THEY HAD LEFT IT. HaLF THE RESIDENTS FOUND 
NO MAJOR THINGS THAT THEY HAD FORGOTTEN TO DO. TWENTY- 
ONE PERCENT REALISED THEY HAD LEFT FOOD OUT WHICH HAD 
GONE BAD AND 9^ HAD LEFT LIGHTS ON OR HEATING TURNED 

UP TOO HIGH. Another 9% reported inadequate attention 

TO PETS and plants LEFT FOR A WEEK AND A FEW (2Z) HAD 
forgotten that THEY HAD LEFT FOOD COOKING BUT SUFFERED 
NO MORE SERIOUS CONSEQUENCES THAN A MESSY STOVE." 
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In conclusion^ I want to stress, particularly to those of 

YOU IN industry. THAT AS CHAIRMAN OF THE CABINET COMMITTEE 
ON EMERGENCY PLANNING MY COLLEAGUES AND I DON'T TAKE AN 
IVORY TOWER VIEW OF THESE MATTERS, 

We RECOGNIZE THAT THESE VARIOUS HAZARDOUS SUBSTANCES ARE 
NECESSARY FOR OUR WAY OF LIFE AND THAT THERE ARE UNDOUBTED 
ECONOMIC AND SOCIAL BENEFITS FROM THEM. 

But IT TROUBLES ME AS A POLITICIAN THAT WE SEEM TO KNOW SO 

little about the negative aspects. the dangers^ the long-term 
effects of some substances and practices society seems to 
take for granted - - often until it is too late. 

The Government, as the representative of the public has the 
expectation that industry will respond responsibly and that 
industry will learn from its mistakes. 

Regrettably. I am coming to the conclusion that, at least as 

FAR as the RAILWAY INDUSTRY IS CONCERNED. OUR EXPECTATION OF 
responsible BEHAVIOUR MAY BE MISPLACED, 

In North America last year there were almost 12.000 incidents 
OF what railroaders refer to as "hot boxes", the wheel 
assembly malfunction that is believed to have led to the 

MiSSISSAUGA derailment. 



Derailments occurred at the rate of more than five per week 

as a result while simple detection devices and better maintenance 

and inspection could have prevented many of them, 

Here in Ontario there have been several derailments of 
hazardous loads since ml ss issauga^ the latest only last week 
NEAR London with another^ smaller evacuation. 

The day before that derailment^ a Canadian Transport Commission 

OFFICIAL told THE lllSSISSAUGA INQUIRY THAT 27 PER CENT OF THE 
cars OF BOTH MAJOR RAILWAYS THAT WERE INSPECTED WERE FOUND TO 
BE DEFECTIVE AND COULD HAVE CAUSED SERIOUS ACCIDENTS. AnD 
3'[ PER CENT OF THE CARS JUST COMING OUT OF THE REPAIR YARDS 
WERE ALSO DEFECTIVE, 

To INDUSTRY IN GENERAL AND TO THE RAILWAYS AND TO OTTAWA IN 
PARTICULAR. LET ME SUGGEST THAT THE PUBLIC TOLERANCE FOR 
THIS KIND OF CONTINUED DISRUPTION AND THREAT TO HEALTH AND 
SAFETY HAS A LIMIT. AnD THAT LIMIT HAS BEEN REACHED. 

This lack of concern for the consequences by the railways 

AND federal regulatory AGENCY IS APPALLING. 

Finally^ Mr. Chairman^ let there be no doubt that when it 

COMES to striking THE PROPER BALANCE^ THE ONTARIO GOVERNMENT 
WILL RESPOND AS IT DID IN HlSSISSAUGA - - BY PUTTING THE 
SAFETY AND HEALTH OF THE PUBLIC FOREMOST. 



Her Worship 
Hazel McCallion 

Mayor 
of 
Mi ssissauga 

re 

Mi ssissauga 
Incident 
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Ladies and Gentlemen: 

It's a real pleasure for me to be here this morning. I'm sorry that 
Mr. McMurtry, our Attorney General couldn't stay. He tells me he's 
going to get a taping of what I have to say, so I'll have to be 
cautious. I was hoping he'd be here, and, therefore, I could be less 
cautious. You know how tapes are cut. I just want to assure you 
that the tapes of the Mississauga derailment were not cut. The 
enquiry got them the way it was and maybe that has shaken a few 
people because it seems that politicians play around with tapes. 

I don't know if you know Mississauga, but some of you do I'm sure. 
We're a city with two major rail lines running through, a number of 
major highways, the Queen Elizabeth and 401. We have the Mississauga 
International Airport in our municipality. We're a city where many 
disasters could happen. Therefore, as a city, we have attempted over 
the years to prepare for a disaster. 

The Mississauga miracle, which it has been adequately termed, was 
truly a miracle, and just to give you my reasons why I named it a 
miracle, it happened at an intersection. Can you picture it happening 
either a half-mile down the track either way in which fire engines 
and police would have had to find their way through fields, mud 
holes, and you name it, to get to the scene of the accident? Also 
at Mavis Road, we have two separate water lines, one on either side 
of the track feeding that particular area. It happened at five to 
twelve at night, and being Mayor of the Municipality, I can assure 
you all our many good Mississaugans are in bed. Certainly the children 
were. 



They weren't separated at public schools, separate schools, secondary 
schools, colleges, you name it. They were home, most of them, and so 
were most of the people. And, it happened in an area just a short 
distance away from a densely populated area. In fact, that inter- 
section is the type of intersection with a road that's not that 
heavily travelled at that time of night. There are many other 
intersections in Mississauga where I can assure you there would have 
been many many more people at the intersection when it happened. 
There was one car there, and they had a yery unusual experience. 

I don't know how many of you know the fast-growing municipality that 
I represent, and I can assure you being Mayor of that fast-growing 
municipality is sufficient, but if you add a derailment to it, I can 
assure you it's second to none. Many of the things that the Attorney 
General mentioned this morning I can assure you land on my desk. I 
want to give you an example. 

He mentioned that the public now is more aware of what the rail lines 
are transporting through Mississauga. I would like to tell you, and 
I don't have a count on the number of phone calls I get every v/eek, 
that a train went by, and this was wrong with it, and that was on it, 
and there was this and it was going too fast, etc. Never before did 
I, as Mayor, ever receive a phone call about trains going through 
Mississauga. So the public is more aware of the situation. 

The things I would like to touch with you are some of the things I 
learned as a local politician. 



First of all, I can assure you local politicians fly by the seat of 
their pants. The senior levels of government who are responsible for 
rail transportation in this country have, in my opinion, been very 
neglectful of the rules and regulations that they have established. 
You may criticize the rail lines, but I believe that the regulations 
are not in place. I think you should go a bit easy on them. If they 
are not following the regulations, then it is the responsibility of 
the Canadian Transport Commission to make sure they are, but un- 
fortunately many of the regulations are not in place. 

Would you believe that legislation has been sitting in Ottawa for 
seven years gathering dust until the Mississauga derailment. Now 
I'll tell you, everybody is all excited to do something. They've got 
a standing committee in Ottawa that, in my opinion, is sitting on the 
issue. 

It's interesting how and when the inquiry was called in Mississauga. 
I want to tell you of my experience as a politician. Mr. McGee came 
into my office and said -- Mrs. McCallion, we've set the date of an 
inquiry by the C.T.C. in Mississauga which will happen on December 
4th, because I know it would be your wish to have this inquiry in 
Mississauga, and we're having trouble finding a place in Mississauga. 

And I said, Mr. McGee, my wish is that you're not going to conduct 
this inquiry in Mississauga, and you're not going to find a place 
here because we are not going to provide you with one. There's no 
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way that I wanted the hot stove league of Canada to investigate 
themselves. That's exactly what they were going to do. So I said -- 
you just sit right there and I'll get in touch with Mr. Mazankowsky 
in Ottawa. 

I called Mr. Mazankowsky and my first comment to him was — are you 
completely out to lunch in Ottawa? The C.T.C. responsible for rail 
transportation in this country investigating themselves? So they 
were going to look at what they hadn't done, and that would be a long 
inquiry. Mr. Mazankowsky, within two days, advised me that there 
would be an inquiry conducted by a judge. An independent inquiry is 
what we want. We want an independent inquiry on this derailment, and 
it's long overdue. I can assure you that from the documents that are 
passing over my desk since the inquiry began, unless the judge just 
doesn't do a job, and I have every confidence he will, there are 
going to be changes In this country on the controls and regulations 
of rail transportation. 

I was just down to the Federation of Municipalities in Halifax, and 
a captain from the Edmonton Fire Department related his experience. 
He took time one day to go out and inspect a bunch of rail cars on a 
siding in Edmonton. Twelve of them containing hazardous materials 
were leaking. That's the type of maintenance we have on the trans- 
portation of hazardous materials, and on the rail cars that are 
carrying them across this country. 



Where do the accidents happen? They don't happen in the House of 
Commons, and they don't happen in the legislatures of this country. 
They happen In the municipality, and we are the least prepared and 
least qualified to deal with them, because we are not given either 
the authority, the tools, or the money to do the job. I don't know 
if you have ever heard of my explanation of the three levels of 
government. The Federal Government has all the money, the Provincial 
Government has all the responsibilities, and the Local Government has 
all the problems. That's as it relates to the transportation of 
hazardous materials. 

Have you ever thought about who is first at the scene of an accident 
-- the carrier, because the guy's either driving the truck, or the 
engineers' driving the train with his staff, or the airplane is being 
flown by a pilot, or the captain on the boat. And how qualified are 
they to deal with a disaster or with an accident when they are 
carrying hazardous material? Have you ever thought of that? The 
Mississauga incident was a perfect example. 

In the United States, because of communication between the senior 
levels of government and local government, they are now going to 
require (and I believe the legislation is going into operation this 
fall), that the the carrier, the guy driving the truck, knows what 
he's got, knows what to do in the event of an accident, and is 
thoroughly knowledgeable. If he isn't, he should be checked up the 
odd time by those who are responsible. 



We are to deal with the accident. Do you realize we don't even know 
what's going through our municipality? Who advises us? I'm not 
asking that every train and every truck that goes through Mississauaga 
be reported, but I would like to know what type of dangerous materials 
some time passes through Mississauga. Who has to respond to an 
accident — the Fire Department. Wouldn't it be nice for them to 
know what is going through our municipality? Wouldn't it be nice for 
the Police Department to know what is going through our municipality? 
We are ignored. We're not communicated with at all. And how about 
the routing of hazardous materials? In all, have the rail lines ever 
looked at the possibility of alternatives or the C.T.C., or the 
Federal Government, now that Canada is becoming urbanized? 

And how about the identification of hazardous materials? You know 
they put those coloured cards -- what happens to the colour card in 
the event of an accident? Certainly more research has to be done to 
determine how the equipment that carries hazardous materials can be 
better identified, and can withstand a fire, and withstand the type 
of accidents that happen so that we do know what is in that mess that 
occurred at the derailment in Mississauga. 

And how about the maintenance? What assurance is there? You know 
the public is getting pretty concerned about the fact that government 
is supposed to regulate. Government is supposed to monitor. 
Government is supposed to know whether or not those who are trucking 
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hazardous materials, or carrying them by rail, are adequate, whether 
the maintenance on the rail lines is adequate, and whether or not 
those trucks are properly serviced to carry hazardous materials. My 
question is who is to do it? Show me where it says, really, who is 
to do it. 

Then we go in one place in which the local municipalities have not 
played a major role, not the Provincial Government, because we are 
responsible for land-use planning in our municipality. It never 
seemed so much at home to me as it did after the Mississauga de- 
railment that our land-use planning should be looked at. We are 
putting homes within 90 feet of rail lines. In fact, even the 
railroad companies are becoming concerned about the fact that we're 
surrounding rail lines with residential development. 

The Ministry of the Environment in the Province is responsible for 
noise in the land-use planning of this Province. I would like to see 
them take a look at land-use planning from an accident point of view 
on rail lines and highways. It's not just the air pollution and the 
noise. We now have to be Mery concerned about these accidents 
happening in the residentially developed area, and what might happen 
in the event of an accident. Have we done that? You answer the 
question. 
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Another thing we learned from the disaster is that the crisis com- 
munication system is extremely important. The people want to know. 
The secrecy that surrounds government has got to end. I give you 
an example, and I know Mr. Cross is going to cover this later. 

The burning of PCB's in Mississauga, Unknown to the municipality, 
approved by the Provincial Government, Certificates issued — they 
don't even tell us and, therefore, how can we tell our people. I 
want you to know of an incident we just had on an experiment at 
Ontario Research, to give you a comparison, and all hell broke loose 
when the people found out. I can assure you that it broke loose with 
me too when I found out that the Province was doing this secretly in 
our municipality -- the storage of PCB's and the burning, both. The 
public is getting fed up with government not telling them. 

The Ontario Research Foundation wanted to conduct an experiment on 
the burning of PCB's in a diesel engine. So what did we do? I said, 
you'll have a public meeting, and we'll call the people together, and 
we'll discuss it with them. You know what as a result? Of 35 
people there, the majority said go right ahead since we now know what 
it's all about. That's the attitude that we have to take. The 
public is becoming very disturbed with government and industry that 
is not prepared to share the information that is so important. 

A municipality in Halifax said -- I want to know. I have the largest 
marshalling yard I believe in Canada. I haven't the slightest idea 
what is in that yard week after week, and our Fire Department doesn't 
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know what's in that yard week after week. So if there was an 
accident or somebody went in and threw a bomb in the middle of it, 
they don't know what they would be dealing with. By the way, the 
municipalities are in no way in this Province supported with their 
fire service, it's strictly on the property tax. We're supported 
police-wise but not when it comes to fires. I'll tell you today, our 
Fire Departments have got to become very sophisticated as we indus- 
trialize our municipalities. We need some financial assistance from 
the Province to do that, and I think that's going to be another thing 
that's going to come out of the Mississauaga derailment. 

Now, let's get to the clean up. That's interesting. We have a 
disaster. We have chlorine all over the place. We have caustic 
soda. We have a mess. Now, my question is, as Mayor, whose respon- 
sible for clean up? Well, my good friend here said I'll call you 
Monday morning Madam Mayor, and in his usually efficient manner, he 
called me Tuesday morning. I know that he had a problem. 

I don't want you to think that I'm being at all critical of the co- 
operation we got from Mr. McMurtry as Attorney General and coordinator. 
I don't know how he got there, and I really don't know what his re- 
sponsibility really is, as I don't know what mine is. So, therefore, 
we're in the same box. But we did a pretty good job not knowing what 
our responsibilities were, in my opinion. The departments of the 
government were very helpful. They were on the spot. They gave us 
the best advice that they had, and I just want to say that. 



Now we come to the clean-up. I said to Graham, look there's private 
property there and as you know, a municipality has no right to go in 
on private property. So who is going to clean this mess up. You can 
go in our parks and recreation land because I can give you authority 
to do that, but I don't know about the other. Well, I thought the 
disaster was over until they started to remove the earth from the 
area by Graham arranging that the C.P.R, and the Peel Regional staff 
to take the contaminated material to the landfill site in Chinguacousy. 
That was a disaster. That was the second disaster we were into. 

As Graham said, and I will repeat, if we had Bill 24 in place we 
would know what we could do. Again, here we had a situation and the 
legislation was not in place to look after it. So that's another 
thing I learned, that really when it comes to the clean up, it's very 
difficult to know, and as a policitican when I get finished with this, 
you'll know what I mean by "the Mayor of a Municipality flies by the 
seat of his or her pants." 

That's where the incidents happen. They happen in a municipality. 
What we need is the Federal Government, the Provincial Government, 
and the Local Government to sit down and not be operating in a 
vacuum as now exists. I can assure you that out of this, I'm going 
to be preparing a brief for the judge, and I can assure you of some 
of the things I'm going to cover. 
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Who manages a disaster at the scene of the accident? Sure, I know 
how the evacuation was conducted, but who takes charge? Have you 
ever asked that question, and have you found the answers? When 
you do let me know, Td like to know. 

The Chlorex Team is called in because it was chlorine, right, de- 
finitely. They came. Very capable people and they had a problem. 
They couldn't plug the hole in the chlorine tank. They explained it 
all to us carefully as to what they were doing, and we made our 
decision as to what we did with the people based on this expert 
advice. They worked for a couple of days, and being human, they fell 
asleep on the job, and there was nobody there to take over from them. 
We had to wait on a crew to come from Sarnia, and me sitting there 
with 218,000 people out of their homes, telephoning to find out "when 
in the world, Madame Mayor, are you going to let us back in?" 

So I questioned the management of the incident as to how to deal with 
these hazardous materials. The Fire Department knew what to do. 
They knew they couldn't put the fire out because it had to burn off 
all the propane. They knew what they were dealing with. I'll tell 
you, the management of how we were to solve the problem, didn't 
exist. That's when I again phoned Mr. Mazankowsky and got him as he 
stepped off a plane in Churchill, Manitoba. 

We had one guy from the C.T.C. there wandering around in boots, with 
no authority, just his staff. I asked Mr. Mazankowsky when are they 
going to get somebody from Ottawa that has some authority to tell us 



what should be going on at the scene of this incident. You know what 
Mr. Mazankowsky's response was to the Mayor of Mississauga? I'll 
tell you. "Well you know Madam Mayor, I wouldn't want to tread on 
Provincial jurisdiction," I won't tell you what I said -- it was a 
'<jery unladylike statement. What I said was, "218,000 people, and you 
in Ottawa couldn't care less." 

So within an hour they had Mr. McGee on the plane to Mississauga. We 
had him at the table. The C.P. said they were kept out of the 
discussion. I can assure you no C.P. official asked me whether they 
could come into the discussion. I just want to make that clear. 
They were in the discussion the second or third day. I want to give 
you some advice, if you're ever involved in an incident, make sure 
that everything is recorded. I tell all my colleagues, as Mayors, 
don't go in with all these experts without a recording machine 
because that's the only protection that the Mayor and the elected 
people have. 

So that was my experience, and we're going into law suits. I can 
assure you that this cost the municipality a lot of money. It cost 
the residents of Mississauga a lot of money, and I haven't had an 
offer yet from either level of Government to assist us, and by the 
way, I haven't asked for it yet either. The point is that we suf- 
fered greatly from this incident. I want to assure you that as Mayor 
of the City of Mississauga, I'm going to leave no stone unturned 
by putting a bomb under the senior level of the government to get off 
their seats and do something about the transportation of hazardous 
materials across this country. 
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The time has come that the public is not going to accept the wishy- 
washy regulations and legislation that exist on the books of both the 
Federal and Provincial Governments. What we need is for local 
government to be given the authority to do the job, and to be given 
the tools to do the job, and most important of all, the money to have 
those at the local level qualified to deal with these incidents. If 
we haven't learned anything else from the Mississauga disaster or 
miracle, that is extremely important. 

Now there are many who are second-guessing what we did on the evacua- 
tion. I'd like to make this conitient to you. 

If anybody had died, we would have moved too slowly, but nobody died 
and, therefore, there are those, a very small percentage including 
somebody who might have a financial interest in this, some large 
corporation, I wouldn't name them because you can guess who they are, 
that felt that we kept the people out too long. When you have the 
lives of 218,000 people in your hands, I can assure you that I have 
every confidence that we made the right decisions based on the expert 
advice that was given. 

And I say to the fire fighters of Mississauga, to the Policemen and 
to the fire fighters of many of the areas around and to the Police of 
many areas around, and to the thousands of volunteers who spent hours 
at the scene of the incident and contributed freely of time, contri- 
buted freely of goods and all the many companies that assisted us 






(by the way, we have a $30,000 writ issued against us for equipment 
that was provided to us -- I wonder who is going to pick up the tab 
for that), I just say to you, that everybody performed wonderfully. 

The sign that was erected on Dundas Street reads: To the firefighers, 
to the Police, to the volunteers, and all those who helped, thanks 
and bless you everyone. 
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INTRODUCTION 

Doiiit,ir Chtjmicals through i;.,- Chemical Dovelopments of Canada 
Division Operates a detergent mau-.^racturing complex in Longford Mills 
(near Grill ia) Ontario. Tlie plan* pr-uduces a relatively low volune but 
hliihly concentrated wastewater th-^ is ultimately discharged to Lake St. 
John. In view of the small s\zz jt' this Lnke, the pollution arising 
fron this plant is of great conoe-u to the cottage owners who use the 
lak'i for recreational purposes. 

Table 1 summarizes the major .-.it processes at this plant. Most of 
the processes are operated in a b.i' -hwise manner and, therefore, much of 
the organics in the wa3tewai"o.' ^risinates from process equipment 
cleaning. 

Wnshw.itc-rs tyoically cont.iit' \'\i chemicals mentiont^d in Table 1 as 
well as several hundri\i other ro i-;i.',n1..: , byproducts and aduitives. Ihus 
the plants wastewater oontainL; a;', ■.xtreinely complex mixture of organic 
chcnn '.Lrals. Furthermore, the natut of the wastewater fluctuates widely 
in concentrat io'i and flow d ul to frequent proce.-s changeover. 
L!:i!''."'t unately i ho frequency oi" >-;iaiigeovers is dictated by customer 
demarid and Lhe plant's limited ';t,;jrai^e capability does not allow for 
prtjduction cycle alterations I'or the purpoucr. of wastewater 
equilization . Tuerefore, Domtor ;ic personnel foresaw aiany potential 
probletns with conventional waste; jter treatment r.ystt.ms '.'or such a 
complex and highly fluctuating wa.'-l jwiter . 

Starting in 1965, Domtar and its consultants examined a host of 
alternatives in an attempt to teso.i /e the problems. As a result of this 
work, process wastewater and coi^li;:: water were segregated and a 350,000 
('.allon aerated concrete bar.tn wu Duilt. The process wastewater was 
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TABLE 1 Process Types and Organic /mtrlbution 



Process Prooesn Unit U'-unc Pri''.';;.s D-'scr iption 

No. 



Coiitr ibuticii 

to WT3tew;jter 
Orfjanic;; I 



1. 



Amide oynthesis 



Tnc i>victio'i of fatty aci-ls 
eth-'iolamines to r.-ike amidf? 
typ : foani stabilizers 



2. Nonylphenol 

Synthesis 



The ..Ikylation of phenol witli 
noriiii e to produce nohylphenol 
to bo used as an intermediat'^ 
in p ofiecs 3 



Nonori^nnic 

Detergent 

Synthesis 



t. 



Carboxy Methyl 
Cellulose (CMC) 
Synthesis 



Vr.r; t.iioxy Lation of nony] phenol 
to iK.ke -n industrial wetting 
ageo'.. . 



12 



Tlie -.'enntion of Cellulose and 
Sodiu.n Monochloroacetate to 
prodi'c • sodiLTi carboxymethyl 
celluloF.o (CMC) part of which is 
further refined for spe.-:ialty 
chemical applications by methanol 
extfj'-'tion 



16 



Sulphonated Anionic 
Detergent Synthesis 



Tli^ ;iil phonat ion of alkylated 
ben 'ines lo niakv~ linear aJkyl 
ben7:Dn'3 sulfonates (LAS) and a 
sub.,vf)ut;nt neutralization with 
auiinoniiin of sodiin hylroxider. 



C'itioiuc Detergent 
Synthesis 



'Hi: o.iction of torti.iry (r.itf 
aCi.d:.;) anines with methylcloride 
to 1 :'(iduoe a quart. inerv .irninouiiiti 
ctii;ride 



Detergent 
Formulation 



Th' ^il^^ndin,', of the '.-jrtLary 
cht^i. i.or:!;; to produce the 
finaj. detorfjent product; 



15 



8. Boiler Slowdown 

and Yard Drainage 



3eo -jtream title 
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i\).jn directed tc the basin I'l i' troatment prior tc discharge. 
Uiifortisnatc'ly c^rt^.inic removals w^- ■ cjuitG low vat'yin^ i'rom 0% in the 
winter Lo ,"■ vj in the summer, ou^.. .^quontly varioufj other alternatives 

were propo:jed to improve the Wust'^ writer treatment system, however, none 
were juigeJ to be adequate by Lae -nipany. 

In the fall of 1973 a ooinni .:;j internal external task force vjas 
formeii to develop a usable p'^d •.'sr. design for adequately treating 
Longford Mills wastewaters by the -tJ of 1976 in answer to a request by 
the Ontario Ministry of the Env iroi . .etit . The four authors of this paper 
conr.tituted the task force. 

Ill view of the complexity oC " li^? problem, Domtar Inc. Telt that to 
the maximirr, extent possible pro- ;j5 development should be done by 
inteninl .'^taff who understand \.\)'. complexities of the plant and can 
provide detjil'.'d g'i'^'l-in'^'^' to ttie .v.ir-.i f^ngineerint? arm of trvv company, 
iiiu;; cAX^Tnux adv:ce wac- li'mlfci! ,v> :ipeciaiized chemif-al enjjineering 
Dased environmental expertise nc- ii' led. 

Tnq tank force h.-i'i Ine lollo .:■;?', r-iccific objecLiven 

(1) to carry out an an. .y.-is of wasLcwatrr sources and to 

inplement an in pV'.it ifi inimi 7,atioii of process waste 
production 

(ii) to examine different , ^-oress alternatives and to evolve a 

reliabi'.^ and affordab p; ocess 

i'iil) to carry out thti desl, ■ oT the chosen process 
Hy Di-ceinDer Vi'Jb, the required -.IlVi wui. completed. The plant w s 



or I 



;i) _ 



cunatructed and started up by De<.«;.^ber 1977 and the plant has operated 

continuously eversioce. 

During the steps leading to .:!^ process design and the first two 

years of operation some widely us-'ul informction has bef^n generated on 

the treatment of industrial wastev.' v.er and the purpose of this paper is 

to make this information availabic to the environmental miL'.i nee ring 

community, 

WASTEWATE R SOURCE ABATEMENT 

A wastewater source abatement : rogram was undertaken to 
(i) to determine the co' ; ribunion of each process area (as 

described in Table ;) -t; t'le plant's "raw" waste. /ater. 

Cii) to reduce wasteijrer volume, ^concentration , and 

concentration f 1 uc' .liition wtienever economically nnd 
technically reduction.;, were possible. 

Tiic fii :>l objective listed abivc was easily accomplished through a 
thorough sampling program. At tho end of the sampling program, the 
major pollution sources were iiicntlfied and quantified. Process 
equipment wash water was identit i-'J as a major source of pollution in 
almost all process areas and st.i'fies were undertaken to determine 
washout concentration as a funcMon of time in each major process 
vessel. Figure 1 displays the typj...Tl results of these washou' studies; 
as expected most process equipment 'isplayed the washout characteristics 
of completely stirred tank reactor' (CSTR). 

From these graphs for each of -ae major products cut off times were 
determined in order to maximize p'"'duct recovery in the wash water for 
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FIG. 1 TYFICAL DATA SHAPES OBTAINED DURING TAi^JK CLB'^^ING STUDIES 



recycling a lecondly to minimi. ihr- lenKtH of w.'uUiout. Iimo, ,it"t.<-T 

which the I i itivoly uncontjmiiint.i .i 'nr-Siwaler would !>'..» iJivTled V.o tJie 
conLamiiiati \- istewaier procesj :■'. ■■,i\nr>. Kurtunately , proHuet quuli^y 
studie. inlL'jated that much of tt; ■ iiigh concentration wastewater ci'ii'Lc) 
be biendeti into proiuct formulnrif.v , 

Tne ,3buvo procedure wa;: aJuo'' i ''or all reaction vcr.:.els, product 
i'.toragii tanks, automatic drum/pa; ■ rilleris, trana^'jr pipnr- and lijsor., 
etc. 

In addition to the recyri ■ ua.ihw-'itpr cyj^oui the fnllov.'ins 
procedurej were al;,> itnplementf J : 

(i) L.-art^i;r iiuorsijc tintis '■?•'• inst'illad to incr.?."!Bf; lenp.th of 

production campaign;. . ui- docrcasing the numbr'- of wi3hup-3. 

(ii) Tho education of all :-'-ifiloycey includit;/, J-iann 'c-rieitt , Gal'.'S 

and operators was und- .aken to make them more- ji^are of the 
import'incc of product • ^hcduling, keeping materials out of 
drains, use of recyc "■■'■! washwater without loss of product 
quality or decrease'' production versatility or customer 
service. 

(iii) Ball wisher;, were In.-', tiled i'l rcTcticii vess.jls and riulti 
prtiduct 1 ;;!ikJ. 

(iv) III order to fncilit.V- 'i" ) .' uot tnni' wjsiiout;; unri Ji'airia;i,. , 

tan^r bottoms were t»^c ■ ' ' j tli!> i-xlt line >r ^'here thir. was 
iiipossiblv' tci.tl',5 via -. -iliRhtTy tilt-^d thu:; I'-cr'aclnE 
product heels loft in Pk;; wnc,, ^.witching frcn, one product 
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t- another. 

(v) racking glnnris on pure' .jjre replaced by mc::hanical seals 

wherever practical. 

(vi) Drip trays were inat-'led to keep dribs and drabs out of 

criiins. 

(viii) Vaocuijin pump sell waLc.- jjg recirculated wherever possible. 

(ix) I:: iiLCiie cases driin,'- . uf '"illed with concrete nnd replaced 

■wi'oti oil ybsorboni. z ■■ "Uiis on floors which kjas swept up 

v,h',*ii oontnmirat'^'t „ 

tx) Special wdshwntor tv ... ■ j^ir^ seL u- to -^toi-i' wdShwater for 

3i!b;ie(iix-nt us(> of f,-,- ■! i :tj:^ns and diirinp, th. nnnual two 
week ptant shut down 'lis w.jter is u;;.ed ;\3 fr>.-.i wastevwter 
to th-^ treatneni. plni". 

Tr.e .^bove inplant abatement ;■ otiram decreased COD loadings in the 
rii;iMr., effluent from 510 K^^diy ■. ■ ,'nO Kp/day, Tnis equates to a ^5% 
deerira:>j in ^pite of the fact Lh.: at the same time plant production 
iaerjjiSKJ by approximately 15X. T'X corit of this phase of the program 
wiiS approximately 10% of the tt-.,rr. pollution abatement program or 
.ipproximjtely $47,000. 
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PJOCESn J?E:y_E: f ■ ■tiiNT.STUDIKS 

The cl: r.,0 terl st ics of tju .%:irnblnod plant w^at I'WLitec were 
(.l<.<Lenn ineO > i ihc basis of an exhc.v'.'-i ,s,iiii|>L Lnij |n-ogra;ii ;iiid tho nvefaged 
jeijulta afe aho'ijn in Table 2. 

As sliown in Table <?, the n.-.-iriic concentration pjjrameters were 
npproximately ten time;; greater ■'iin those encountered in domestic 
w.istewater whil'? suspended solid;; i.tp.) febitively low in i oncentrution . 

Tl-ie identified primary or^ .lic constituents of the combined 
Wiistewater were believed to be phenols, anionic detergents and, during 
the production of refined CMC, meV,';-jnijl . 

In general detergent niolecul'^-- wni^e c^xiiet'tcri no be m ther difficult 
tu degrade or nondebr auable . ;■ :irtherniore signif IcTjnt j^'Stoii-i'.er 
concentrat i'jn vfiriiitions werf? -xpccted. Thus .t phy ciccchemical 
l.rcatmLtit was deemed to be deriir/bJe for dete^p.ent remova!!.. On the 
ullii.-r h.jnd , jignif leant rTM.4.hujnol > ji!?;:^nt'"<ibLonj iiere expected and, as 
ificthanol is easily treated bioV ;;icrtlly but not physlcochemically , 
biooxidation al.jo seemofi to be a n .-'. v;.:jity . 

A total of five different pi uccss alternatives were examined as 
listed in Table 3 below. Simple Ij-atch test:; were conducted for each 
proce:;s to determine the procesc param'.^ters needed for approximate 
(+25%) capital cost estimation. "'1.-^ resulting costs are shoivn in Table 
3. On the basis of capital and OLtvrating cost considerations the lime 
plus biooxidation or the bioox ida' -. j>i plus filtration process appeared 
to be most desirable. In the (:..:;o of the lime treatment, potential 
sludge handling problems were fo, eseen and, therefore, bljoxidation 
followed by filtration was jud-;',c'! t.> be the mcst desirnb]u process 
assuming that biooxidation without physico-chemical pr'jtr-eatment can be 
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T.iblo Z Ex ; 'd "Design" CiKi'Mf^veti Jtic;; of Riw Waatevj^tor and Motreated 

V.fl i. ijen'o 

Av'„;'.if?o Copc'tTitration Crng/l) 
Pariiinotet's Wastewater ov). \ Trc^^tod Wastewater 

treatment 



F.low-TGPD 30,000 IGPD :jn,000 IGPI) 

!'iit.(?rcil COO mg/1 "jSOl V^O 

BUD._;iij'.'i 2400 TOO 
;)iisp(;!i iod - nig/ 1 

"vjlivis 130 130 
T. jt"il Pi) )K|)h(jrus 

03 f'-nif/l 3 1.5 

pM. 8.0 to H) pll U^rJ-^ 7.0 to 8.5 Unita 

Flienui 45 .020 

MBa^ 200 1 
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'1/VBLE 3 /\ i-irnat.ive ProcesMo: '■■ju.s idered and Thoir C.ipita.!. Cost 
Estimates 

Process Capital Cont Estimates 

(iJ Granular Carbon Adsorption $988, OUO 

with Biological Effluent 
Polish in.^ Lagoon 

(ii) Lime Precipitation $319,000 

Followed by Activated 
oiudge Biooxidation 

Ciii) Activated Sludge ^UVO.OOO 

Dioxidatlon with 
Powdered Activated 
Carbon Addition 

(iv) Ion Exchange Followed by T':-80,0C0 

Activated Sludge 
Hioox ii-iation 

i v) Activated Sludge Biuoxid jt l'.'.- $4^10,000 

foUowcd by Filtration 
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shown to wor: r j.iably. 

A serit ; if laboratory bate I. and pilot scale contiirxjus studies 
ware, t'rierefore, undertaken to -l,' < rtninf! process reliability and to 

tl.M,'fK p desip,n parnnr^^tirr. . 

ItiitlT]'. y ii Act of balch b:ov. ■ ,.',i'addtion studies were conducted in 
re:jpir()(neterii un eacii of th'^ 3trcn:i' li.'^tod in Table 1. On the basis of 
'•-hesc ;;tijdios the followins kiiowK-nn.''^ was gained 

(i) Tlie organicG in all ;.i.ionra3 are biodegradable with the 

'"xception of the cati -io detergent stream, 

Cii) Ihe cationlc deter?tr • ^.t-eam i:5 not toxic to bacteria at 

the coticentratiotii^ iiw MciLiy encountered at the plant, 

(iii) BLodegraslHt i"in io hi: M'v jenriitivo to concentration and in 
;i<wie ci.ses the ^j.i.u,' ■• :f'.nmc had to be diluted as much as 
^el■|''old bcforo hi'id'V'-; J^jt ion ouuld proc>?cd . 

iho l.ut of Lne ;i.h'jve ob-.-* ■v,;Linn.s 'Tier its further di^cusrlo'i. 
Uoi-pirriotry jtudio- on '.h: nonisi ; ,;«'. frtn-iit :iythi?;,iLi str-iam (No.'i in 
I'uiile ]) indicated th't thi;; strjT. ; r.on-biodegrfidahle . '^n the other 
hai.ij, th'.rn: W'»rj pumer'^us r.tuJicj : ths lit'rstur-o suggeotittg that tlie 
m.jjur .:<n-^pon'.?nt oi' this strcH..i ■ JuiyLated nonylphenol) is at least 
partially biodegradable in a d wi ■.;..:• !.o wastewater treatment plant (Mann 
jnd Htid, 1971; r>tiff e\, al 197.-i; R'.'othjm and Stiff 1976). In general, 
these studieijs indicated that t'.? '.<idr,sr idation waii incomplete at inlet 
concentrations above 5 m^/l and v .■.■(^■■.•ratures below 15 C (Stiff et al 
'\'i'f ',) . !icothn-n and Stiff ( 'i .> 'j ) concluded, however, that the 
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"biodegradation of alkylphenol etho^ylato.j is subject to widr; variation 
and can not be predicted from the pr'i;"^i';nt .'jtate of knowledfie". 

(me major difference betwoc-r ou.' studi^Jo anci lho3>,' reni-ji ted m the 
nteratuiv. wjs the fact that dor, _';.l. n: wjsteiM'..er corit.-i i.n.s 3 riixture of 
luodt'^.radcble substancet: wf-ieroaa _* -eTi U v-as probaLO y 3 '.'Ct^ ih-^iun o^ 
el'lioxyiated nutiy] phenol only. 'iu,' ; .jn at-,oMp'. v;,ns '!i,)de ; '; add '.o thu 
solul.xon another more readily b-o-l ■ - i 1 ^blo suLitr.^^e. 

'Hie result .'f the re:\.i)irv-inL'i. • ■ u .:tudy is t^hown Im [•■lcu."- 2. I^ 
parallel .jith the respirornetr ic :tt;'jvi TOC niea.iurcments wrre also made 
and those are t'lbulated below. 

TABIE i| BiodfigradatioF! otudiea (-^ W.i.itcrU.ream ') in the Presence and 
Absence of Glucose. 

TOC Coneentration 

Initial Final 

125 1.^5 

5J!0 15 

U53 2'i 



Wastewater 

!-^tream 

No. 4 

gl ucose 

iJo I^J-f;',! uco'ie 



Ikjth tlio oxyaeti uptake in Fi ^i^;'i: ,3 and Uh.- TOC i- ■:■;:;-',)] dm.a >f 
Table ^ indi;ate elearly that vj.\,nally ]')b% bioriei'.-a'^atio:; of the 
elhoxylated nnnylphenol s in stroa,;. 'I if. po;isibie In thi' [.ivviencc of a 
readily biodef-;,r,jdable substrate. 

To the be:jt of our knowl'.-di.];c , the above observation ha.-, wit been 
prf?viou53ly made in connection '.-I't:. ev,hoxylatf>d nony Lptseiiols , however, 
(^joixjr and Catchpole (197j) found Liiat the degradation of coke plant 
wastewaters could be sif^nif icantl' itii[jroved by the addition of sn;al'' 
concentration of many readily biode".r adable substances. 
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rIG. 2 RESPlROriEFR!: DEGRADATia^ UF NO(;YLphBjCL IN THE AKB;CE m FRESSJCE OF GLLiCOS^ 
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SL^TRAlt TOCj 
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r EfflO>:rLATED 

PmUi. J25_ 
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^€NYL- 
PteWL 125 



TCCp(ri6/L) 

15 



20 



125 



After the individual strunm .itudies were, completed, a pilot 
.rjLiVdtod sludge unit wa^ set up jL the plant. The oilot Gtudy pointed 
uut two major problems: 

(i) a relatively low orgptjic loading (expressed as feed to 

microorganir>m ratio or F/M) oi 0.1 lb COD/lb MLSS/d was 
noted as a requirement lor adequate biodegradiition 

Cii) the bacteria grew as a dispersnd floe, in spite of the lew 
F/M ratios used and woro , therefore, difficult to settle. 

Extensive batch sedimentation te.'jtr, (a:- deocribed iDy Bancs! and 
Benedek (1975) were run on the aeration tank effluent of the pi^ot olant 
and Figure 3 illu.jtr.-3';:r, a typical r^nt, of rer.ults. 

In the caje of the data Lm ''■"igure j, cl jrif icatini-i for thirty 
minutes in a jar still resulted in n supernatant suspendt^d solid (SS) 
concentration of iOO mg/1. On the other hrind , if only 50 mg/l of alun 
as M.(S0y)^.l4 HO is added, the of fluent SS concentration dropped to 
less than 50 mg/1. Similarly, supernatant phosphorous levels also 
dropped rapidly with the addition of alum. 

In (Ontario, all plants discharjiing into the Lower Great Lake Water 
System must meet a total phosphorous level of 1mg/l or less 60% of the 
time, although, more stringent requirement would have to be met by this 
plant due to its location on a small lake. Thus alun use could be 
justified on the basis of the improi/oment in solid sedimentation as well 
as phosphorous precipitation. 
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Fifj. 3 THE EFFECT OF ALUM ON TTIE RBWAL pv CALRIFICATIQN OF SUSFJffiJ SOLIDS 
AND PHOSPHORUS FROM MIXED LIQUOR 
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rRncEs:i design 

A:> notcil earlier, it wns d<n-' iod lo un;" nctiv^t^d slu'V,t- -kj (■.ho 
main organic re'isoval process fol lo;'.?-] by terti.iry sand fllt'.ition 
if necessary to meet the Minist-'y ■': trio Environment's rcqiircments fos 
"i.Tintaining the wat'?r quality of ' . '-e :>t, John. Di^e to tho small si:'e 
of the L-ike, thriSL' requirement:: W'> ;■ 'Mi-Okitod t.o bo T^; i.iii-'-- ViOW-j (5 day 
Biochemical Oxyfien Di-iti.^nd) , 15 mg./' t^S, iind 0.^ mg/] total ?ho3p!iorou:i 
Cos P) . The t':;rti.jry .;and filtrau ot. step wt; ' hought to be neces:;ory 
for phoophorous remov;)!, although , .oruua concern.': were raised thrit the 
expijctcd liigh level cf oiuspended r'lids in the secondary effluent may 
cause operitional problems. Fur':'nf. rmure , a i^pecial al \jm addition line 
was designed to remove phosphv' ro^.; .irid to aid 3u.';pcnded solids removal 
(see below) and this system was h. ijoved to be pot(»ntially capable of 
mectin,i the Ministry's r equ t ro..i .-n ts . Thus the Ministry of the 
Kov irorimer.t and Domtar agreed to .•- cced with an -ictivaii-d sludge pl^mt 
only and, in response to this a;;r^ ii-.ii. , I>-iti,t^ir sii'^-Tiittod t '-equo.-it ftyr 
DeSitjn Approval in December 197?. 

The design i'lict and outl'?t oii'- sit'-.ii.ions for such rj platit ar*^ 
shown in Table 3. These concentfi.. i rns w;;re uons^jrvitiVi ly estinnted 
from Vhe pilot plant dat"? ; tile ful'- r':ale plant was expected to perfui .n 
eonsiderably better due to an impr ivcd suspended solids coatiulation ana 
clarification capability and cont L'i^-mjs rather than semi continuous feed 
addition and sludge recycle. T:" on the other hand, the expected 

impruvements in plant operation ,. .uid not material 1 7.e , consideration 
woulu be t;iven to the installa'M n'. of tertiary sand filtration in an 
attempt to meet the Ministry's rt- a.' ,*ement3 as discussed earlier. 

- 272 - 



Table 5 lists the process pre ; tjms considered during the design of 
the activated sludge process ar,>! jlutions suggested by the process 
development work described earlie" 

'ilnese probl<3ms and solutionr^ ;*,->:(3 then considered in the choice of 
th.^ process fl'jw;iheet shown in I uuva '\. Th':^ro are several novel 
r?;3t,ur(.'S of this (.'laril and l.he.so ,;• ■ described in detail holuw. 
1 . ;j<jk of pr imary tredt inent 

T}>e low 'uiopf.-ndeJ i>olid3 co"' ■^ . ration in th" wTstewnt'M" suggested 
t-h-^t a prinury claiil'ier wotili bi.. -• ipcrfluo'JS. 
K^uiliz at ion in the Aeration Tanr. 

Frequently, in < hernical pi. s ■, , wher-.* spills are encountered, 
ijpui-rr>am .jquilization ba'^ins av:^ t^iiit. In ttiis case, inplant 
I'n^l if icatioii wore built for most 'jr-.'.ess areas to minimize spills and, 
in the case of tli'j CMC refini '•', unit, a pr'->equili7,ation tank was 
instal-iod (i.o' helcw) . (;n the oth.. hand, the cost of equilization for 
the otitlrc- p -oc>',*:5s flow would have i....,'n prohibitive. 

At.tlie :.n:ne time, tni'' proriy.'vj d:»velormont stage suf;gested a very 
low F'M ratio i.'hich in turn rejii'; , .r y 'onp, hydraiiliu rt,-sidence tine. 

F'lrtij'.i.nel y the (jxisting aer.itjon yor,d , dejntibf.d in the i-itroUuction , 
oou'.l jd^^iuately .Ttive ns the 3'^ t^on t<jnk ';f the rjotivated sludge 
plant. 'Ihe tiydrauLic resiJenoe 'it.', .issunint; a sludgr' re'^yoio of iO% 
an-i an aeration t,'ji;k volinc of .2H0,i*-'j iG, is tl;,-!) cjual to six days. 

The sif^rntion tank desi;in )■ -.hown schom.jtically in Figure '^ . 
VolijiiL'i ric '^quiliz-'ition ir. .lucoiiipi i:ilied by £y.'5.ging '^t n constant rate 
oli.^'itly hiffher th.in the infliien*^ .jia' recycle flow and is typically 
set .^t or b'-low '36,000 KiT''' (ii-. -n-iaT (isa]lons per day). The punp 
.luton.atically shuts off wh'?:) tLc l">".'l of the aeration tank is 10 ft. 
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TABLE 5 Potential Problems and Sol'.^ior.; Considered in Process Desigr 
Problem No. Problem Descrip*' ion Solution Description 



r. 



2* 



Potential for Sp:Lls Equilization 



Slow and Difficult 
Biodegradation 



Low F/M 
ratios 



Temperature sensitive Floating 
Biodegradation Covers and Steamheating 



Foam 1 ng 



Larce Bubble Sir/? Aeration 



Need for Easil, 

Degrading 

Substance 



In- plant Equii; .-.-stion 

of Mettsonol 

;:;troam 



Dispersed 

Bacterial Grow'.h 



Alum Addition 



Phosphorous 
Removal 



Alum Addition 



High Feed pH 



Alum Addition, Phosphoric 

Acid Addition or Acid 

or Base Addition as needed 
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FIG. 5 TIC DESIST OF IWE AERATIQN im FOR EQUILIZATIOil 
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ana the deration t;i:ik overfit^ws. iVIon tlie leveL reaches 12 ft. maxlmim 
t?q!jili2ritiop volime is approxi:r:it?ly 92,000 IG or two day's feed. 
L;jrt!;e Bubble Aornt j.on 

A. udii>:i en bubble interfacinl b'if'i.iviour (Benedek and Heideger 1971) 
indicate that l.-jrge bubbles would display the least likelihood for 
foaming. Thus large bubble gun a-r .^tors were chosen to provide the 
oxygen neces:iriry to aupport baoterinl activity. 

These gun at'rators (Atara Inc. Faramus, N.J.) work by "burping" 
fixed volumes of ait' up throu^'.h a cylindrical tube, Tliere were 44 guns 
requiri'd to 3up|)ly the estimated oxyt^r'n renjlroment of 7uO ]b 0_/d and 
thf .wer-jp;e dissolved oyysen i'.Vijl or 3 mi;j,/l. 'ITie t:;nk is expected Lo 
turn over liydrauli'.'ally in 7 liiirjUL'* , under' such an arrangement aiid , 
therefore, can bt considered to t." .- conpl-itely scirred tank (CSTR). A 
hifi" l^vei of mixing i;5 r'^'quired to i- 'cp the bactr-ria in suspension and, 
tilao, to dilute incoming high cunocntration sluf^^j. In CSTR, the 

bacteria S'^e the effluent concentriit. i on at all times and, therefore, 
assLfning t'lat deter g'^nta are degradci Ijy the systeiri, the concentration 
of d-'tergont moi'-'cul^'s sci-n by tli ; lii-teria shoud be very low. 
T':-mperatur t.' Co rj j_ r o I 

llie pilot studies as well ns t!)'; literature indicate t,hat detergent 
degradation Is lii.fjhly sensitive to ti"'inpi;r,iture , Thus un automatically 
controlled dired steim injoctlcn s'.'Stf^m was insttjlled to maintain the 
lomt'er jl.urc at or- oijovc i'j (', du"!;'. th'; winLer months. Fur'thermore , a 
simple, floating poud cov*.:r wa:: i'asi3n..'d to reduce heat loss from the 
pond surface. Tfie floating i2ov'.:r r..:n:iisted of rigid p)lyc.;-.yrene boards 
cr'Vered uith polyineric shei;t i-Ur, . 
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Continuou s Ea sily Degrading J.ubav-rate /i_|iiit.ia_n 

A:i dlscu.'jiu'd earlit-i'. pryi'.> ;: iluvolofaitent .■^^tudies ii'rt Ic-rcod the 
need for a continuous supply of e:j.;ily 'le^',radf.'d bacterial substrate. 
Fortunately, a high strength (COD ?8,000 mit,/ i) wast-'water primarily 
composed of methanol was avail.:iblo from thr; CMC rei'lning proccKS 
(WaKtestream 4 in Tablii 1). Thi-j unit, however, operated <'or short 
tntu.'S approximately once a week an'i at that time its hiiTji organic 
concentration would quickly overload the biological system. 

Thus, fortuitously, the iolution the overload problem -was 
equilization which also turne(j on', to be the solution to th-: needed' 
continuous addition of an easily dep.i'adab] ^ v^astcwater . 

The simple equiiization .nchcny u:;e:J it^. ;ih(jwn schemattcal ly in 
Fiijure 6. The wastewater produced iJnrini^ each c.^tfip-jifVi i^i 'Ur-:?cte' to a 
iO.OOO IG equili7.ation tank the (^^at-.-nt;; of which ar-^ pun^jud al rat;^;; 
ranging from K'OO to 2200 JGPD, The design COD contribjti. >r from Lh'.. 
source is a steady i\5% of the feed i"OD js notel in Tat.le 1. 
Chemi ca'l Addition for Coagulation , F r ecipitation , pi! co nt rol i_a nd 

F j_occl:1?<;_^™2 

Alun for phosphorous removal is normally added directly into the 

aeration tank in Ontario's niunicip.:! wastewater treatment plant. In 
this plant, however, the ooagulat ion oi' .suspended solids as well lov;^;!* 
than usual phosphorous concentratlr/iis were desired. Further,"iore , the 
relatively large voline of the aeration tank suggested that the requirt.d 
thorough contact between the .il Ln a.id wastewater would be difficult to 
achieve. 

Fortunately, mechanical pumpint; of the contents of the aeration 
tank to the clarifier was already planned for equilization needs (as 
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i.>utlined nbove) . Thus iL befafnt- t- '.itively iiimple to design an in-line 
>:h(Hiiical addition system as outJi.iid in Figure 7. 

■fhe addition of alim to th-^ suction :iide of a centrifugal pumj. has 
l.'j.^n shown to result in exceller':. a toe /waste inter contact (Benc-dek et al 

1 'J75 ) and, therefore, this w.-i.". .ruf practice follorffd in desii^n. 
Furthermore, pr'ovisions were madv. for i>. jI yiner io f'locculant addition (see 
Figure 7), for the case of particularly poorly £ettlin3 SS. Finally, a 
flocculation tnrk was installed c" ;k1ow ".Ur.^ for tlie ^ievrioijnient. of 
large easily settleable floes p. L- vj clar if icntion . The flocculation 
tank also serves as the chenira' -.VJition point fo'" polyelcctrolyte 
add ition . 

p(1H3TRUCTiq_N 

Ground was I.irokcn in Juii: i-if; ottd 1 iie cuiis'vruv;tion [iri','f;--ied 
urK'V -Ml t Cully riu.-ini; the re:;t of '.''/".'. In.' plan.t wjr rea.! ,' for ;;tjrt-i;p 
by lite Deceinbcr 1*)/Y, althou,',!!, .-.o-.'.'i r.mnll items le.;;. c'l cvv-interf/ 

:jLill remained to txi added during . i^b, 

Tlie total cc'jt of coniitruct io i v;.-is ''^7l,0J0. Tiis price included 

the construction cost of a bin I = .' providinti room for all prnoeso 

equipment other tiian the aeration • r k in well as a small laboratory. 

STARTUP AND PLANT OP ER ATION 

Uurinij the process dovel op.r.ent .tudies, full strength waste wa3 

shown to be very difficult to ct.tjrio , Tnus great care must bo t,!ken 

during', start-up to start with ;i I.j";.^-^ amount of biomaoii in i.he sy.Uon 

and J low ori?,;miG concentration in .'lo leration tank a;' well .i;. the fe.'d 

water until acclimation takes plan . 

The system wa.i started up Juri-; tne first week of Ul7iJ by li.'inginR 

in biomass from the Orillia municif.'' plant. Unfortunatexy , u'le bifxinss 
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FIG. 7 Aim /JiS POLYELECTROLYTE .ADDlTia^ FOR THE RBWAL OF SUSPEJDED SHLIBS ^^ Pf^OSPHCRUS 
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concontration ir, ■' e uriJLis p'la'it wis low at. IM-. tii'o .iOd there >fc 
lovcTol .'.piL'S }*: t'K? p!;iiii liufit'.a t'u first r. >i,f'i ->.' ^•tar♦■.-uu. Al 
result, sL^nlfi.; i-.K, lc;i5 uf bii,>m.i3S o-tcu'r. ii cnup],:-.i i.i:ti excess! 
foaming and ;inu* h iLn^'mp' at itart up \\a:i tc> r>e n,aJ7 trie I'lotitli l.JtG; 
Ifiis time the Or . ' - i j plant j alu.gc w i;:- 'iiro',- r.i.,cr n? concentrated : 
before and the pi.. '. "tarted up suce^ssf ully as rhown in Fi.'^ure 8. 

During th'3 f r :it month Figure ! shous that only b'H of Lhe Bor 
applied to the p^'ut y,\^ remLJveJ and much of this renov.il t.iust ha* 
oceurred by dilut m. During the next two months BOD removal re.se to 
value consistently iti .:;xOi?ss of 80?-. During the initial 9 mor.tl 
biomasj concepr,r'^< r. Ion con.:i£tentl y increased ( :;oe Figure 9' 
aubsequently the b;j(Tiass level or MLVSS (mixed liquor volatile suipendt 
rolids) i;till in.'' -'ised although at a much slower ratf and in ri <aot 
o.'5cillatory pattfi.'i,. 

The effect of high bioinass level is remarkable iri terms of the BOr 
removal result:^ v'' I'igiire 8. A BODj. reinov.Tl of 97% v.'.ns reached durir 
the tenth month, o i .;perat'on eu.i'jntnLly corre5:.>onding \o the level] i', 
of the biomass in .Mjure y and, after the trirteenth month, BO.O i umoval 
'-•on.si stent ly exoi.'O t-^l 99$. 

Tlie results i: ti-rms of BCO reiuoval a^-e not qnit.e a.s sensitive t 
the value of Ui^ F/M ratio as this parameter essentially remaine 
constant at a valu of 0.03 Jay after the fourth month of operation 

As shown in Fi..ure 10. the high BOD removals after the 1 ;^ montn o 
operation al.*?*.) o *i -laponds to the decrease in 3S level such that th 
■:=;>r!:liLiit level of BOD^ in •.■;e treated effluent ocii.illed the level of 3S ; 

condition indicatiit; that soluble BOD^ is no longer present in th 
effluent since 1 mp/l of biomass is generally considered to h.nve a BOD 
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of 1 mg/1. Prior to the tenth inof i.>f oj.'sration, soluble BOD^ removals 
were clearly incomplete ns the BOD 'ovels tendod to exce^l considerably 
l.he 33 l.^velj, BOD only mc.vi.=;i . .;5 the concentrsLi on of readily 
degridable orginics. In the c'i;w <,' an organic cherninal plant, however, 
COD u; a]3;j very inportant as it 'riiures all or most of the organics 
preser*; including the concentratir-' of the non-degradable or difficult 
to de^^rade or^.inics. 

Figure 11 and 12 portray COD -'^ta; p'igure 11 shows the inlet and 
outlet COD values ,ind it is intet < f:;.-ing to note that COD values in the 
raw wjst.?water fluctuated widely, ; ;ij.'vor, effluent COD values remained 
within :! narrow region. Fij;i.re .- rhuws cuTiulntive COD renovals, the 
ii'ope of yu^h a curve is equ-'.) !■ \\<y fractional removal. There are 
throe .lintiHct strai;;hn line re_, lii noted in figure 1.?. During the 
s'lr^t I'/Jl. I'itintha after .■•.L.nr !:,-•■ ) removal of b','1-, is obtained, 

i-.ub5i:;.iuently ciurLnr. th ■ next ■',ev 'n nion^h.; of t^rad-ial 'kuI imnt ion , n 
ruiTiuval or 3V' i:; indicate i. O.' • full /jcclimation t3ke5 place, the 
n-'Titival :'i-'m;iiri:'. consistently ')\%. 

In general, during the la.it .i -■; nonths , tne fully acclimated phase 
:>r oner-ition ^11 effluent oonofnt. tLons si^^niflcTntly exceeded de.sign 
cra.'mateo ( sse riblo j nnd 5) as .ic hiii^h MLVSS level coupled to the 
• fficicnt coamJation and sedimen. !'i ^.in system outlint\l in Figure 7, 
L^isn i r 1 r.jr.tly improved ".ujpo"" jolids nod iment.it 1 on over the 

i.-t}uivnlci.t val u-':> i>f the pilot p}. i, which fortii'.?d the basis lor design 
c:;timjtes . Th-.- improved ,■i^lspetld^1 ■3oli<i3 removal alr.o meant greatly 
improved BOD riO'J phosphotui- rr*.: vjl. Interestingly, the current 
cf fluent pho:;[.huru.'5 level -r.ro f-ilow the Ministy of Environment 
guidelines for tjrtiary treats., f and, therefore, tertiary sand 
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FIG. U mmy AVE:^E RAW WASfB^ATcR m PLA^IT EFFLUENT COD CQICBhTRATIO'^S 
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FIG. 12 CUrULftTIVt CC'B REMDV^l 
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filtration is probably unnei:e3s;.try "fr this plant. 

Phenols and methyl'^ne bluo ^r' 've L.ub.'^tanoe.s are al:-,o very low aiid , 
thr-rt'fore, essentially conplete drt.'j'r-^ent degredation i;; ezpocted to 
occur. Kffluent Total Kjoldnhl :ii,i . njon (TKN) i3 generally less than ?. 
niR/l as the bacteri;. tend to aiisiin ■ ' J^e al.l available nltrcn;en . 

Fin-illy, pH control was rKi'i, required as the ccnbination of 
bacterially released CO- plus alun addition offset the relatively high 
pH of the raw wastewater. 

On the whole the plant's opr^ratton to date has been remarkably 
consistent, especially when one cr'iisiders that biological systems in 
detergent plants generally operaV:; ciuite poorly (Herin et al 1970; 
Holko, VanKatfi and Turner 197^). The commonly reported p>~oblems with 
foaming have no'v occurred and in :;;Lte of as many a3 ten spills per year 
the plant has managed to operate co i-jiijti'ntly well as noted above. 

Some minor problems have ocr r';-cd, however, during the last two 
year:j of operation, e.g., the poly.iL-ric sheeting of the floatlnr, /-".c-rcr^ 
cracked, and, therefore, the polyfl y: <'i''t' sheets were allowed t,o rcinnii; 
without sheeting and are now f unc^ vo;ii.n)-; adequately in full form. Also 
while looking at the negative side' of this story, one miif't ^jIso note 
'"Hat operating cosl^s cire relative',.:^ high, currently running at $71,0!"'^ 
per year. Table 7 details operating -.-osts . Currently, there is only one 
'■operating problem at the plant and this concerns sludge disposal. As 
the yield of bacterial mass is extrenelv low (less than 0.1 lb VS3 per 
lb of BOD oxidized; see Figure 13.'. Hie cost of disposal is not high 
(see Table 7), however, the low sludge yield results in sludge Mercury 
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Table 7. Actual Costa Encountered '.operating costs arf; for 1979) 

Capital 471,000 

operating 

Labour 38,OaO 

Chemicals 20,140 

Waste Handling 2,680 

Steam 12,000 



Total operating 73,200 
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FIG. 13 T>iE YIELD OF BACiZRlAL f-V^SS PER UNIT rPSS CF BGO OXIDIZED 
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valijes as high as 0.5 mg/l whic^h r.-i.* in excess of provincial standards 
for l.sti'i disposal. Interestingly nl:Mit engineering staff estimate that 
as mijch as 60X of the mercury in tae sludge comes from the wasted COD 
rinalysis solutions. 
Conclusions 

Thia P'iper clearly demon;jt''ate., Lhat a cnreful procedure involving 
in plunt pollution load analysis j.k! reduction followed by extensive 
process development work can lead to a successful biological wastewater 
treatment plant denign in the cau of difficult to degrade organic 
subs'. ance-- . Tli^ I'lost signlf ieani", spoeific cor.c 1 u.iions th3t can be drawn 
are as f^jllows; 

(i) The de.-^rsdation - :" ::tliOX"l3t,(>d P'^mvI. phenols ij 

s ii^n I f ' f.-jMt ly :i I'l-. 1 I'V the presence of more readily 

bLt.-iorir-'''^hle subati it,:: 

fii) !\\'D !•: '»A tr >'i.iely bi'iiiricial in rotnining su'^.pendf^d solids 
in ■Usp';r3-;il growt-.t: .-■ ■■:,,temB oofiimonly e;i''.,o untr red with 

bioiof^ical 3y;;te[^j t.r. nt. Infj; highly concentrated organic 

chomioLii plant wastew^i.r" 

lii) Very Low design F/M initios coupled to aeration tank 
vquilL/.ntion should l-r. used whenever difficult to degrade 

Qrt',;jii-.- sub^tano(.\'3 arc treated in a biological plant and 

occasional spillJ arc likely to orcur. 
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A>^knowli'dg£ment 

Many p(;ople ba/e inaleri;.' ! v iir!'-?.! VFir 'rforl; diesor 'be;' ." n t.iiir 
jiil-ir. P,!ft i ;;u] ;ir tlnnka -^rf \[\- jvu; ^,l ".'•'.. (lr;.y of l-ho Critarlo 
Mit,i:;try of the Fnvii-onment *■.->, i' . .-ranuc;:l tochn'or:! ^ivlc.e and his 
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